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SECTION  1.  INTRODUCTION 


Under  authority  of  the  Water  Pollution  Control  Act,  the  United  States 
Coast  Guard  has  been  assigned  the  responsibility  of  promulgating  and  enforc¬ 
ing  regulations  concerning  oil  pollution  in  United  States  waters.  The  Coast 
Guard  may  also  be  called  upon  to  assist  with  inland  oil  pollution  incidents 
by  virtue  of  its  presence  and  operational  capability. 

This  responsibility  has  caused  the  Coast  Guard  to  undertake  planning 
programs  to  expand  its  capabilities  to  respond  to  pollution  incidents.  Pre¬ 
vious  efforts  in  this  regard  have  Included  studies  concerning  the  location 
of  potential  oil  spills,  the  behavior  of  SDilled  oil,  and  the  logistical  con¬ 
siderations  associated  with  response  to  oil  spill  incidents.  Land  and  water 
areas  in  Alaska  are  of  special  significance  to  the  Coast  Guard  because  of  the 
concentration  of  oil  exploration,  production,  and  associated  transportation 
activities  within  the  State  and  its  adjacent  waters.  Previous  studies  led 
to  the  identification  of  17  Alaskan  locations  where  the  potential  for  oil 
spills  was  believed  to  be  greatest. 

On  June  28,  1974,  the  Coast  Guard  contracted  with  the  research  and 
consulting  firm  Mathematical  Sciences  Northwest,  Inc.  (MSNW),  Bellevue, 
Washington,  to  perform  a  detailed  examination  of  these  locations  and  to 
identify  the  environmental  damage  to  be  expected  from  local  oil  spills.  At 
the  17  locations,  different  spill  amounts,  volumes,  modes,  seasons,  and  oil 
types  were  analyzed  In  the  work.  The  damage  caused  by  oil  spills  that  were 
allowed  to  dissipate  naturally  and  the  damage  that  might  result  from 
actions  to  clean  up  a  spill  were  both  examined. 


This  report  presents  the  findings  of  the  study.  It  is  presented  in 
two  volumes.  Volume  I  includes  the  Introduction  (Section  I),  Summary  (Sec¬ 
tion  3),  general  discussions  of  the  environmental  effects  of  oil  spills  (Sec¬ 
tion  4),  how  oil  disperses  when  spilled  (Section  5),  and  spill  cleanup  methods 
(Section  6).  The  first  volume  also  includes  specific  information  as  to  the 
methods  used  for  evaluating  spill  impacts  in  this  study  (Section  7),  a 
description  of  the  particular  cases  considered  (Section  8),  the  cataloging 
procedure  to  obtain  data  for  the  17  spill  locations  (Section  9),  and  a  discus¬ 
sion  of  future  studies  needed  to  more  accurately  evaluate  the  effect  of  spills 
(Sectior.  10), and  Appendices A-E.  Volume  II  includes  the  Results  (Section  2). 

The  matrix  evaluation  system  for  environmental  impact  analysis  was 
developed  jointly  by  Messrs.  James  F.  Kruger,  Planner;  Gerald  A.  Erickson, 
Engineering  Scientist;  John  S.  Isakson,  Marine  Biologist,  and  J.  Michael 
Storie,  Systems  Analyst.  The  matrix  system  was  automated  by  Mr.  Robert 

H.  Klug,  Programmer/Analyst. 

The  oil  spill  simulation  model  was  developed  by  Mr.  Storie, 
assisted  by  Ms.  Marianne  M.  Montgomery,  Associate  Analyst,  and  Ms.  Lois 

I.  Storie,  Data  PreDaration. 

In  addition,  Mr.  Isakson  was  the  Principal  Investigator  for  the 
definition  of  biological  resourses;  Dr.  Erickson  and  Mr.  Kruger  for  the 
analysis  of  wind  and  current  data,  and  Mr.  Kruger  for  initial  matrix  scorinq 
followed  by  interactive  evaluations  by  the  study  team. 

Ms.  Cheryl  L.  Oprea,  Administrative  Secretary,  coordinated  report 
preparation.  Mr.  Richard  F.  Corlett,  Vice  President,  Engineering,  was 
the  Project  Director. 
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Dr.  Juris  Vagners,  Associate  Professor,  University  of  Washington,  was 
the  Principal  Investigator  for  characterization  of  oil  spreading  dynamics 
and  spill  cleanuD  methods.  He  drew  upon  the  advice  of  Dr.  David  P.  Hoult, 
managing  partner  of  Hoult  and  Co.;  Dr.  Charles  Sleicher,  Professor, 

University  of  Washington,  and  Dr.  Seeyle  Martin,  Associate  Professor, 
University  of  Washington,  in  regard  to  matters  of  oil  spread  dynamics,  dis¬ 
persion  in  water  columns, and  weathering.  Dr.  Albert  W.  Erickson,  Professor, 
University  of  Washington,  provided  program  Input  related  to  wildlife  biology. 
Dr.  Phillip  A.  Lebednlk,  University  of  British  Columbia,  provided  program 
input  related  to  marine  flora  and  oil  Impacts  on  these  plants.  Mr.  Edgar  A. 
Best,  International  Pacific  Halibut  Commission,  provided  Information  concern¬ 
ing  marine  fisheries.  Mr.  Larry  G.  Gilbertson,  University  of  Washington, 
assisted  the  study  team  with  respect  to  salmon  fisheries.  Mr.  Charles 
A.  Simenstad,  University  of  Washington,  provided  Information  on  marine 
invertebrates  and  investigated  the  effects  of  oil  on  fauna  for  the  study. 

Dr.  Rita  A.  Horner,  formerly  with  the  University  of  Alaska,  Institute  of 
Marine  Science,  provided  program  information  related  to  Arctic  Coast 
biology. 

The  project  team  is  especially  appreciative  of  the  advice  and  informa¬ 
tion  provided  by  Mr.  Theodore  R.  Merrell ,  National  Marine  Fisheries  Service-- 
Auke  Bay,  and  Mr.  Robert  C.  Clark,  National  Marine  Fisheries  Service, 

Seattle.  Other  sources  consulted  for  information  are  described  in  Section  9. 
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SECTION  2.  RESULTS  OF  THE  ESTIMATED  IMPACT  OF  OIl  SPILLS 
IN  THE  ALASKAN  ENVIRONMENT 

This  section  presents  the  analysis  of  the  estimated  environmental 
impact  of  oil  spills  at  17  locations  in  Alaska.  Thirteen  of  the  locations 
are  along  the  coast  and  four  are  inland  near  the  Colville  and  Sagavanirktok 
rivers  on  the  North  Slope  and  the  Yukon  and  Denali  Fault  Trans-Alaska  Pipeline 
crossings. 

Hypothetical  oil  spills  at  the  locations  are  initially  discussed  under 
the  assumption  that  no  spill  cleanup  countermeasures  are  employed.  The  analy¬ 
sis  addresses  the  impacts  of  four  oil  types--crude,  bunker  C,  diesel-2,  and 
gasoline;  seasons  of  importance  or  ice  and  no-ice;  spill  size--! 00  to  50,000 
barrels,  and  spill  mode--tanker,  barge,  drilling  rig,  pipeline,  transfer, 
ballast,  and  miscellaneous.  Each  spill  was  treated  as  an  "instantaneous" 
discharge,  i.e.,  all  the  oil  was  released  in  a  short  time  rather  than  leaking 
out  over  a  period  of  hours  or  days.  Subsection  B  treats  impact  with  the 
associated  changes  due  to  applicable  cleanup  strategies.  Numerical  scores 
are  tabulated  through  an  impact  matrix,  and  the  sites  and  spill  scenarios  are 
ranked  in  order  from  highest  impact  to  least  impact.  Subsection  C  ranks  the 
various  spill  cases  in  estimated  order  of  impact  severity. 

Each  site  is  described  in  regard  to  its  location  and  its  physical  and 
biological  characteristics.  At  each  site,  the  spill  cases  are  discussed  and 
compared  without  cleanup,  and  a  separate  section  of  cleanup  cases  at  each  site 
describes  the  changes  in  ecological  impact  due  to  cleanup  activities.  This 
section  contains  the  results  for  almost  500  spill  cases  and  its  necessary 
length  requires  that  it  be  placed  in  a  separate  volume.  Therefore,  the  com¬ 
plete  analysis  of  the  results  is  presented  in  Volume  II. 


SECTION  3.  SUMMARY 


A.  PURPOSE 

The  purpose  of  the  study  was  to  perform  an  intensive  six-month  study 
of  the  environmental  impact  resulting  from  potential  oil  spills  at  17 
locations  in  Alaska  in  order  to  rank  the  various  types  and  locations  of  oil 
spills  according  to  impact  severity.  In  addition,  a  similar  ranking  of 
severity  was  prepared  assuming  that  practical  means  to  clean  up  spills  were 
employed.  It  was  recognized  by  the  Coast  Guard  and  MSNW  that  this  first 
study  of  an  extremely  complex  subject  would  be  pioneering  in  nature.  As  such, 
it  was  expected  that  the  study  would  develop  a  methodology  for  studies  of 
this  nature,  apply  the  methodology  to  produce  an  initial  analysis  of  environ¬ 
mental  impacts,  and  identify  further  research  needs. 

B.  SCOPE 

Five  key  factors  define  the  scope  of  the  study.  They  are  spill  loca¬ 
tion,  spill  mode,  spill  volume,  spill  type,  and  seasonal  considerations. 

The  locations  selected  for  analysis  were: 

•  Offshore  Yakutat 

•  Valdez  Harbor 

•  Valdez  Narrows 

•  Drift  River 

•  Offshore  Port  Graham 

•  Kamishak  Bay 

•  Unimak  Pass 


Port  Mo  Her 


•  Kvichak  Bay 

•  St.  Matthew  Island 

•  Nome 

•  Cape  Blossom 

•  Offshore  Prudhoe 

•  Onshore  Prudhoe 

•  Umiat 

•  Yukon  River  Crossing 

•  Denali  Fault  Crossing 

The  spill  modes  considered  were: 

•  Tanker  Casualty 

•  Drilling  Rig  Discharge 

•  Tanker  Transfer  Operation 

•  Tanker  Ballast  Discharge  (uncontrolled) 

•  Miscellaneous  Spills 

•  Pipeline  Failure 

a  Barge  Casualty  (refined  products  only) 

Spill  volumes  ranged  from  100  to  50,000  barrels.  Oil  types  selected 
for  study  were  crude  oil,  diesel-2,  bunker  C,  and  gasoline.  Seasonal  con¬ 
siderations  included  the  presence  or  lack  of  sea  (or  river)  ice,  species 
abundance,  and  meteorological  factors.  Biological  impact  was  estimated  ex¬ 
clusively;  the  direct  impact  of  oil  spills  on  man  and  man-made  structures  was 
not  considered.  No  other  existing  pollutants,  nor  chronic  oil  pollution, 
were  considered.  Impacts  evaluated  were  for  "once-only"  events. 
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Three  hundred  seventy-two  individual  cases  were  eventually  examined 
where  oil  dispersion  was  assumed  to  proceed  by  natura1  processes.  Twenty-two 
additional  cases  were  analyzed  wherein  oil  spill  cleanup  was  assumed  to  take 

place.  Non-cleanup  cases  were  modelled  for  72  hours  of  oil  dispersion  as  a 
a  basis  for  these  analyses. 

C.  METHODOLOGY 

This  study  was  based  on  existing  data;  no  field  work  was  performed. 
Spills  were  assumed  to  occur  instantaneously  in  all  cases  under  consideration, 
with  instantaneous  spills  defined  as  release  of  the  total  volume  of  oil 
within  the  first  hour  of  the  scenario. 

The  model  MSNW  developed  for  simulating  oil  spill  dispersion  was  based 
on  calm  sea  spreading  theory  and  empirically  derived  dispersion  formulae 
accounting  for  wind  and  current  effects.  As  requested  by  the  USCG,  "most 
probable"  conditions  and  resultant  spills  were  evaluated.  The  search  for 
"worst  possible"  scenarios  was  beyond  the  scope  of  this  study.  A  time  history 
of  oil  slick  boundary  points,  subject  to  spreading  and  dispersion  effects,  was 
calculated.  In  this  fashion,  the  overall  trajectory  of  the  slick  centroid, 
as  well  as  the  areal  extent  of  the  slick,  is  simulated.  The  slick  shape  may 
become  distorted  as  a  result  of  current,  wind,  and  spreading  vector  inter¬ 
actions.  The  model  assumes  that  spread  is  governed  by  inertial,  viscous,  and 
surface  tension  forces  as  a  function  of  time  in  addition  to  current  and  wind 
effects. 

Most  probable  wind  conditions  were  developed  for  each  spill  scenario 
based  upon  an  interpretation  of  shore-based  station  data.  Winds  were  assumed 
constant  over  the  72-hour  duration  of  each  simulation.  Currents  were 
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obtained  from  existing  tidal  current  tables,  the  COAST  PILOT,  or  interpreted 
from  these  and  other  sources.  The  simplifying  assumption  was  made  that  the 
tidal  cycle  could  be  approximated  by  a  sine  wave  having  a  12-hour  period. 

In  enclosed  waters,  tidal  current  magnitudes  and  directions  were  de¬ 
fined  as  functions  of  physiography  and  then  superimposed  on  the  sine  wave  as 
functions  of  time.  For  open-sea  conditions  where  no  discernible  ebb  and 
flood  exists,  the  model  treats  currents  as  a  function  of  wind  direction, 
taking  account  of  the  coriolis  effect. 

Winds  rarely  remain  steady  in  terms  of  either  speed  or  azimuth.  More¬ 
over,  available  current  data  were  sparse  and  not  descriptive  of  the  subtle¬ 
ties  of  backeddies  and  tide  rips.  In  order  to  take  into  account  uncertainties 
due  to  these  factors,  as  well  as  variability  of  physical/chemical  properties 
with  environmental  parameters  (temperature,  wind,  etc.),  MSNW  "enveloped" 
the  spill  areas  calculated  from  the  computer  model.  It  must  be  emphasized 
that  the  areal  extent  of  an  envelope  does  not  represent  an  area  covered  by 
a  specific  spill,  but  rather  that  the  spill,  as  calculated  by  the  model,  is 
equally  likely  to  have  passed  over  any  region  included  in  the  envelope. 

Spills  under  ice  were  conservatively  assumed  to  spread  unimpeded  to 
the  maximum  area  as  estimated  by  previous  investigators.  Spills  on  ice  sur¬ 
faces  were  asr-umed  to  spread  to  a  minimum  thickness  of  1  cm. 

Specific  spill  sites  were  selected  by  MSNW  and  approved  by  the  U.S. 
Coast  Guard,  taking  account  of  such  factors  as  navigation  routes,  critical 
turn  radii  of  vessels,  depth  of  water,  natural  hazards,  location  of 
terminals,  projected  drilling  sites,  etc. 

For  purposes  of  biological  impact  evaluation,  the  spilled  material 
was  assumed  to  be  present  to  a  depth  of  10  fathoms.  Gasoline  was  assumed 


3-4 


to  evaporate  rapidly  with  tim?,  and  a  maximum  simulation  time  of  24  hours  was 
defined.  Any  oil  reaching  a  beach  was  assumed  to  remain  on  the  beach. 

The  characterization  of  biotic  communities  at  the  different  locations 
and  in  all  of  its  variations  would,  of  course,  require  an  immense  effort. 

Not  surprisingly ,  the  data  that  are  available  at  this  time  are  limited  in 
both  depth  and  extent.  MSNW  elected  to  characterize  the  sites  in  terms  of 
habitats.  The  eight  selected  habitats  were:  pelagic,  subtidal  sand/mud, 
subtidal  rock/cobble/gravel,  intertidal  sand/mud.  intertidal  rocky,  inter¬ 
tidal  cobble/gravel,  freshwater  river,  and  terrestrial.  Floral  and  faunal 
types  present  in  each  type  of  habitat  were  deduced  from  research  reports  of 
record  or  the  judgment  of  study  team  members  who  have  visited  the  different 
locations.  Alyeska  reports  provided  some  summary  information  for  land  sites. 
Other  reports  by  federal  and  state  agencies  provided  information  that  was 
used  as  a  basis  for  extrapolating  types  and  abundance  of  biological  species 
at  locations  where  no  such  information  was  available. 

A  rating  system  was  devised  by  MSNW  to  characterize  the  impact  of  an 
oil  spill.  The  system  may  be  characterized  as  three-dimensional  in  nature; 
the  dimensions  being: 

•  Abundance  of  floral  and  faunal  species 

•  Importance  of  species  to  man  and  the  location's  ecology. 

•  The  impact  of  oil  or  its  derivatives  on  species,  short 
and  long-term. 

Commercial,  recreational,  and  subsistence  factors  were  used  to  define  the 
importance  to  man.  With  respect  to  ecological  importance,  value  in  food 
chains  and  status  with  respect  to  endangered  and  protected  species  was  con¬ 
sidered. 
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It  was  necessary  to  assign  numerical  values  to  each  axis  in  every  case 
examined  (numbering  in  the  hundreds).  A  multiplicative  procedure  was  followed 
in  order  to  obtain  an  overall  impact  score  for  each  case,  i.e.  ,  the  abundance 
rating  was  multiplied  by  the  summed  importance  ratings  and  the  result  by  both 
short  and  long-term  impact  ratings.  The  final  impact  score  for  a  particular 
spill  case  was  derived  from  the  short  and  long-term  impact  ratings  for  each 
species.  The  critical  problem  of  assigning  weighting  values  was  accomplished 
by  means  of  a  reiterative,  subjective,  team  evaluation  process.  Each  site 
was  cross-correlated  with  others  with  respect  to  species  abundance  and  im¬ 
portance  before  total  impact  scores  were  calculated.  Needless  to  say,  the 
resulting  three-dimensional  matrix  was  computerized  for  ease  of  manipulation. 

D.  STUDY  LIMITATIONS 

The  point  was  made  in  the  previous  subsection  that  wind  and  cuj  rent 
data  for  the  various  spill  cases  were  sparse  and  may  not  be  representative  of 
actual  spill  situations  that  can  occur.  The  use  of  an  enveloping  procedure 
in  an  attempt  to  conservatively  offset  these  uncertainties  in  defining  oil 
spreading  trajectories  was  also  discussed.  Finally,  the  use  of  conservative 
assumptions  with  respect  to  the  effect  of  ice  presence  on  spreading  dynamics 
was  noted. 

It  should  be  recognized  that  spills  can  occur  at  specific  sites 
different  from  those  assumed  for  this  study.  If  so,  the  degree  of  impact 
could  be  substantially  greater  or  less  than  that  estimated  herein.  Spills 
also  might  occur  over  an  extended  area  instead  of  at  a  precise  location  as, 
for  example,  occurred  with  the  Drift  River  spill  in  December  of  1967.  In  that 
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instance,  the  damaged  tanker  was  towed  to  Nikiski  and  oil  leaked  into  Cook 
Inlet  along  a  path  of  many  miles,  thus  contributing  to  its  subsequent  spread 
over  a  large  area. 

Other  factors  contribute  to  the  need  to  exercise  caution  in  applying 
the  results  of  this  study.  One  is  the  fact  that  the  amount  of  oil  spilled 
could  be  greater  or  less  than  that  assumed  at  the  locations  surveyed.  The 
VLCC  Metula  spilled  an  estimated  400,000  bbls  of  crude  oil  in  the  Straits 
of  Magellan  on  August  9,  1974.  This  is  8  times  the  maximum  spill  assumed  in 
this  study.  Another  is  the  fact  that  wind  and  current  speeds  and  direction 
could  differ  in  magnitude  and  direction  from  those  used  in  the  study.  Still 
another  is  the  fact  that  chronic  oil  presence,  or  the  presence  of  other  types 
of  pollutants  at  the  time  a  new  spill  occurred,  could  influence  the  severity 
of  spill  impacts.  It  should  be  recognized  that  the  limitations  of  the  study 
were  partially  dictated  by  the  purpose--a  relative  ranking  of  likely  impact. 
Most  likely  spill  sizes,  locations,  and  climatic  conditions  were  used  as  a 
more  equitable  basis  for  relative  ranking  of  the  sites.  The  scope  did  not  call 
for  worst  scenarios  imaginable. 

Finally,  readers  should  bear  in  mind  that  MSNW  followed  a  traditional 
approach  in  estimating  the  biological  severity  of  spills.  That  is,  sites 
having  the  greater  diversity  of  animal  and  plant  life  received  the  highest 
impact  rating;  sites  having  a  lower  estimated  diversity  of  flora  and  fauna 
scored  lower  for  a  given  spill  type  and  amount.  Other  researchers  would 
argue  that  locations  with  low  diversity  are  more  fragile—and  the  con¬ 
sequences  of  oil  spills  are  thereby  greater.  This  point  was  partially 
addressed  by  the  long-term  impact  effect  used  in  the  matrix  evaluations. 
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In  summary,  the  study  results  should  be  treated  as  a  "first-cut"  and 
best  estimate  of  extremely  complex  situations  based  upon  limited  data.  The 
numerical  scores  should  be  treated  simply  as  tools  used  by  the  investigators 

in  assessing  the  relative  impact  of  spills  at  different  locations.  The 
numerical  scores  have  no  absolute  meaning  in  themselves. 

E.  RESULTS 

The  U.S.  Coast  Guard's  primary  objective  in  scheduling  this  study  was 
to  obtain  a  ranking  of  the  relative  environmental  impact  of  oil  spills  at 
different  locations.  Section  2  presents  such  a  ranking  for  372  spill 
scenarios  analyzed  by  the  study  team.  In  addition  to  these  scenarios,  for 
which  natural  dissipative  forces  were  assumed  to  control  the  spread  of  oil, 
the  study  team  also  analyzed  22  scenarios  in  which  spill  cleanup  measures 
were  assumed  to  be  used. 

The  20  non-cleanup  cases  for  which  the  greatest  environmental  impact 
was  estimated  occurred  in  South  Central  Alaska,  with  the  exception  of  one 
case  involving  a  large  simulated  spill  at  the  Yukon  River  Pipeline  Crossing. 
In  addition  to  the  Yukon  River  Crossing,  the  cases  found  to  have  the  greatest 
impact  involved  Port  Graham,  Valdez  Narrows,  Drift  River,  and  Unimak  Pass. 

The  highest  impact  score  that  was  obtained  involved  a  spill  of  50,000 
barrels  of  diesel-2  at  Port  Graham  in  the  Summer.  The  second  highest  score 
involved  a  10,000-bbl  spill  of  diesel-2--also  at  Port  Graham.  Cases  involv¬ 
ing  Valdez  Narrows  and  Port  Graham  dominated  the  20  cases  of  highest  impact. 
One-half  of  this  group  involved  diesel-2  fuel  oil.  Seventeen  of  the  20 
highest  score  cases  took  place  in  the  Summer,  and  13  of  the  20  cases  in¬ 
volved  the  maximum  spill  size  encompassed  by  the  study— 50,000  barrels  (the 
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remaining  7  were  10,000-bbl  spills).  The  results  reflect  the  higher  species 
abundance  and  diversity  at  these  sites.  The  high  abundance  approach  is  con¬ 
troversial  as  noted  in  Subsection  D  -  Study  Limitations. 

The  same  five  locations,  Valdez  Narrows,  Port  Graham,  Unimak  Pass, 

Yukon  River  Crossing,  and  Drift  River  dominated  the  list  of  high  impact  scores 
in  those  cases  where  containment  and  cleanup  of  spilled  oil  was  assumed  to 
take  place. 

At  Valdez  Narrows,  barriers,  skimming  devices,  and  sorbents  were 
assumed  to  be  used  effectively  in  the  water  while  mechanical/manual  removal 
and  on-site  sand  cleaning  were  assumed  to  be  effective  for  oil  removal  on  the 
beaches.  The  same  mix  of  containment  and  cleanup  techniques  was  assumed  to 
be  effective  at  Port  Graham  and  Drift  River.  Unimak  Pass  proved  to  be  a 
special  situation  where  none  of  the  water  containment  or  cleanup  techniques 
appeared  to  be  particularly  useful.  Mechanical/manual  removal,  burning  and 
natural  dispersion  were  assumed  to  be  reasonably  effective  for  beach/land 
cleanup.  Sorbents  and  manual  removal  were  assumed  to  be  effective  for 
Yukon  River  Crossing  spills  in  Summer  and  were  judged  useful  in  the  Winter  if 
the  oil  remains  on  the  ice  surface.  Burning  and  mechanical/manual  removal 
were  assumed  to  be  effective  for  oil  removal  on  Yukon  River  banks. 

The  highest  impact  score  for  cleanup  scenarios  was  obtained  for  a 
50,000-bbl  spill  of  diesel-2  at  Port  Graham  during  the  Summer.  The  second 
highest  score  obtained  was  for  a  similar  spill  at  Valdez  Narrows. 

MSNW  was  instructed  to  avoid  direct  comparison  of  cleanup  and  non¬ 
cleanup  cases  for  specific  events  and  locations.  Some  general  conclusions 
can  be  drawn,  however. 
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In  enclosed  waters  where  tidal  currents  are  significant  and  fetches 
are  short,  beach  habitats  can  be  rapidly  impacted  (in  some  cases  within 
one  hour  after  the  spill  occurs)  unless  containment  equipment  is  deployed 
in  near-instantaneous  fashion.  In  other  cases  that  were  analyzed,  longer 
times,  on  the  order  of  3  to  4  hours  or  more,  elapsed  before  oil  reached  the 
nearshore  habitats.  This  latter  type  of  situation  permits  more  time  for 
deployment  of  containment  equipment,  and  such  deployment  may  yield  positive 
results.  Ice,  when  present,  was  assumed  to  preclude  use  of  containment 
equipment  and  oil  was  presumed  to  disperse  under,  on,  or  with  the  ice. 

The  effectiveness  of  cleanup  must  be  decided  on  a  case-by-case  basis. 
While  cleanup  techniques  can  be  used  to  eliminate  oil  dispersed  on  beaches, 
it  is  not  known  what  the  overall  effect  will  be.  MSNW  assumed  for  purposes 
of  the  study  that  the  short-term  effect  of  such  efforts  would  be  detrimental 
in  intertidal  areas,  but  that  the  long-term  effect  in  such  areas  would  be 
positive.  This  was  an  assumption  that  is  not  currently  subject  to  verifica¬ 
tion.  Notably  lacking  from  the  current  state-of-the-art  is  knowledge  of  the 
repopulation  dynamics  of  beaches  that  have  been  effectively  sterilized  by  the 
use  of  some  beach  cleanup  techniques.  It  is  not  known  whether  the  overall 
benefit  of  using  such  techniques  is  positive  or  negative  at  all  Alaska  loca¬ 
tions  of  interest. 

Consistent  with  the  pioneering  nature  of  this  study,  the  U.S.  Coast 
Guard  also  requested  that  MSNW  identify  data  gaps  and  recommend  future 
studies  to  fill  such  gaps  and  improve  the  methodology  of  spill  impact 
analysis  and  avoidance  planning. 
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Important  data  gaps  exist  with  respect  to  the  following: 


•  Descriptions  of  local  biological  species  and  abundance 

•  Species  relationships  within  food  webs 

•  Species  population  and  repopulation  dynamics 

•  Short  and  long-term  effects  of  oil  on  species 

•  The  economic  value  of  various  species 

a  Local  tidal  current  information 

•  Characteristics  of  rivers  downstream  of  TAPS  crossings 

•  Nearshore  ice  dynamics 

•  Oil  dispersion  under  ice 

•  Oil  degradation  characteristics  under  Arctic  conditions 

•  Spill  history  data  with  which  to  "ground  truth"  oil 
spread  prediction  models 

•  The  effects  of  combusting  recovered  oil  on  the  ecology 
and  albedo  over  Arctic  ice 

•  The  performance  of  oil  containment  and  pickup  equip¬ 
ment  in  the  presence  of  sea  ice 

Recommendations  for  studies  needed  to  help  fill  these  data  gaps  are 
made  in  Section  10.  In  addition,  studies  are  recommended  concerning  net¬ 
work  monitoring  of  wind  speed  and  direction,  pre-selection  of  spill  re¬ 
sponse  staging  areas,  the  impact  of  fertilization  on  oil  degradation,  the 
analysis  of  preferred  tanker  routes  and  control  systems,  and  the  design  and 
location  of  shoreside  transfer  and  storage  facilities  to  minimize  potential 
spill  impact. 

An  overriding  judgment  gained  from  this  study  is  that  Alaska  is  a 
large  and  often  hostile  environment  in  which  oil  spills  will  probably  occur. 
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With  the  problems  of  logistics,  adequate  cleanup  methods,  environmental 
impact,  and  other  cleanup  problems  including  high  costs,  efforts  must  be 
directed  to  the  prevention  of  oil  spills  in  Alaska. 
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SECTION  4.  EFFECTS  OF  OIL  ON  THE  ENVIRONMENT 


This  section  addresses  the  effects  of  crude  oil  and  refined  products 
on  the  biological  and  physical  environment.  Key  assumptions  made  by  MSNW 
for  purposes  of  this  study  are  also  noted.  With  respect  to  the  study, 
primary  dependence  was  placed  upon  References  1-7,  which  summarize  stat.e-of- 
the-knowledge  of  oil  effects  on  the  environment.  Subsections  A  through  D 
which  follow  discuss  effects  of  petroleum  and  its  products  on  the  biological 
environment.  Subsection  E  addresses  effects  on  the  physical  environment. 

A.  GENERAL 

The  complexity  of  interpreting  the  effects  of  oil  on  the  biological 
environment  is  illustrated  by  the  numerous  factors  that  influence  the  damage 
caused  by  a  soill.  Factors  identified  by  Straughan8  and  by  Brooks,  et  al.,9 
are: 


1. 

Type  of  oil  spilled 

2. 

Amount  of  oil  spilled 

3. 

Location  of  spill 

4. 

Time  of  year 

5. 

Distribution  of  ice 

6. 

Direction  and  velocity  of  currents  and  winds 

7. 

Silt  burden  or  turbidity  of  the  water 

8. 

Abundance  and  distribution  of 

organisms 

9. 

Previous  exposure  of  the  area 

to  oil 

10. 

Presence  of  other  pollutants 

11. 

Method  of  spill  control 

J 


Information  sufficient  to  define  the  first  three  factors  was  stipulated  by 
the  USCG.  MSNW  assembled  the  basic  data  or  formed  assumptions  needed  to 
define  factors  4  through  8  and  11.  No  attempt  was  made  to  address  chronic 
oil  spill  problems  or  the  presence  of  other  pollutants  (factors  9  and  10, 
respectively)  in  this  study. 

The  impact  of  petroleum  and  refined  products  on  biological  species 
has  been  classified  by  the  Council  of  Environmental  Quality^  as  follows: 

1.  Lethal  toxicity 

2.  Sub-lethal  disruption  of  physiological  or 
behavioral  activities 

3.  Effect  of  direct  coating  by  oil 

4.  Incorporation  of  hydrocarbons  in  organisms  which 
cause  tainting  or  accumulation  of  hydrocarbons 
in  food  chains. 

5.  Changes  in  biological  habitats 

Unfortunately,  the  state-of-the  art  is  such  that  practically  no  information 
exists  with  respect  to  factor  numbers  2,  4,  and  5  in  terms  of  Alaskan  species. 
As  a  result,  impact  evaluationsperformed  in  this  study  were  based  primarily 
on  lethal  toxicity  (factor  number  1)  and  the  effect  of  direct  coatinq  by  oil 
(factor  number  3).  Published  information  with  respect  to  even  these  two 
factors  is  limited  in  extent  for  Alaskan  species. 

Another  categorization  of  oil  spill  effects  that  combines  these  five 
types  of  impacts  is  what  can  be  called  "chemical"  and  "physical"  impacts. 

The  "chemical"  impacts  would  be  those  resulting  from  the  chemical  properties 
of  the  oil  (i.e.,  such  as  the  toxicity  of  soluble  aromatics  on  some  aquatic 
organisms).  Normally,  the  exposure  of  different  species  to  chemical  impacts 
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following  an  oil  spill  would  be  of  short  duration  because  of  the  volatility 
of  some  of  the  materials  involved.  Blumer  and  Sass^0  and  others  have  shown, 
however,  that  the  chemical  impact  of  diesel-2  may  be  of  long  duration  in 
confined  locations  such  as  salt  marshes. 

"Physical"  impacts  are  those  resulting  from  the  physical  properties 
of  oil  (i.e.,  smothering  of  intertidal  organisms  or  coating  of  bird  feathers). 
These  impacts  are  usually  more  noticeable  some  time  after  a  spill,  although 
a  marine  spill  nearshore  or  a  land  spill  can  create  a  physical  impact  imme¬ 
diately  after  a  spill  has  occurred.  Physical  impacts  are  generally  of  longer 
duration. 

As  developed  in  Section  5  of  this  report  (Dispersion  and  Fate  of  Oil 
in  the  Environment),  the  lighter  fractions  of  spilled  oil  will  tend  to 
evaporate  and  disperse  such  that  their  capacity  to  cause  biological  impact 
will  be  greatly  diminished  after  a  few  hours.  MSNW  concluded  that  the  impact 
would  be  significantly  reduced  after  about  12  hours  in  most  situations. 

There  will  obviously  be  exceptions  to  this  generalization;  exceptions  include 
situations  where  emulsification,  vigorous  vertical  dispersion  of  the  oil, 
and  early  capture  of  the  oil  by  shoreside  sediments  occur.  In  general, 
however,  it  is  concluded  that  the  chemical  impact  of  a  spill  will  manifest 
itself  most  strongly  in  the  first  12  hours.  The  capacity  of  a  spill  to  cause 
physical  impact  will  be  operative  over  much  longer  periods.  MSNW  adopted  a 
72-hour  period  for  purposes  of  spill  impact  evaluation  and  assumed  that 
physical  impact  capacity  remained  undiminished  ever  this  period. 

Still  another  generalization  can  be  made  that  major  impacts  of  lighter 
refined  oils  (diesel -2,  gasoline)  are  chemical,  while  major  impacts  of  crude 
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oils  and  residual  oils  (bunker-C)  are  the  physical  type.  Figure  4-1 
illustrates  some  minimum  persistence  of  weathered  oil  by  marine  habitat  type 
(not  the  same  habitats  that  MSNW  used  in  the  evaluation  matrices).6 

This  pattern  of  chemical  and  physical  impacts  was  utilized  to  form 
two  generalized  envelopes  of  spill  impact  areas  after  cases  were  modelled 
(a  12-hour  and  72-hour  envelope).  The  envelopes  and  the  physical  shoreline 
makeup  (i.e.,  sand,  mud,  rock,  etc.)  were  used  in  judging  and  scoring  short¬ 
term  and  long-term  impacts  of  a  specific  spill  in  the  evaluation  matrix 
for  that  case. 

Another  point  to  be  made  is  the  general  lack  of  information  about  the 
imoact  of  oil  on  biological  organisms  in  general  and  the  lack  of  information 
of  impacts  on  Alaskan  organisms.  The  terrestrial  impacts  of  oil  development 
and  oil  spills  in  the  Arctic  have  been  under  investigation  for  some  time  and 
a  data  base  is  developing.  Work  on  Alaskan  aquatic  organisms  is  in  its 
infancy  with  work  just  beginning  at  the  University  of  Alaska  and  National 
Marine  Fisheries  Service  at  Auke  Bay  (Juneau),  Alaska. 

A  problem  with  some  of  the  referenced  experimental  studies  on  aquatic 
organisms  is  that  many  researchers  have  confused  the  "dose"  of  oil  used 
(i.e.,  the  amount  of  the  oil  product  added)  to  the  true  "concentration"  of 
oil  (i.e.,  the  amount  and  types  of  oil  products  in  the  water  column  below 
the  oil  added  to  the  surface)  that  actually  killed  or  injured  the  organism(s). 
This  important  aspect  of  some  of  the  existing  data  base  on  oil  effects  on 
organisms  is  discussed  in  detail  by  Legore.1^  He  goes  on  to  illustrate  one 
case  in  which  a  stated  "concentration"  (really  a  dose)  that  was  a  96-hour 
median  tolerance  limit  (TLM)  for  a  fish  species  was  over  twice  the  solubility 
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FIGURE  4-1.  Observed  persistence  of  petroleum  substances  in  various 

marine  habitats  followinq  actual  oil  spills.  Maximum  times  shown 
do  not  necessarily  imply  complete  removal  of  oil,  but  may  repre¬ 
sent  author's  estimate  of  persistence  or  termination  of  study.  See 
explanatory  notes  on  next  paqe.  Source  r *■'  L 
inr-r  ;>*  -are  r’  ^I'e^e^cc  f 
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FIGURE  4-1  (CONT'D) 


’t.t~luo  rjalifomiaKus  were  described  as  having  an  oil  coating  after 
six  months;  nonlethal  effect  (Chan,  1973). 

Analytical  determination  of  oil  (Scarratt  and  Zitko,  1972). 

Author  is  referring  to  lagoon,  which  can  be  broadly  interpreted  as 
a  salt  marsh  (Thomas,  1973). 

The  authors  cite  visual  evidence  of  oil  retained  in  rocky  ledge  by 
false  eelgrass  for  several  months  (Clark  and  Finley,  1973). 

Author's  estimate  after  two  years;  analytical  methods;  used  *2  fuel 
(Blumer  and  Sass ,  1 973) . 

Interpretation  from  statement  made  by  authors;  analytical  techniques 
crude  oil  (Strauqhan,  1973). 

Visual  observation  and  analytical.  J P-5  and  *2  fuel  (Shenton,  1973) 
Visual  observation--emulsifiers  used  on  crude  (Smith,  1968). 

Teal,  1973). 

Gas-liquid  chromatography  analysis  (Spooner,  1971). 


See  source  6  for  references. 


of  this  oil  product  in  distilled  water.  The  studies  undertaken  by  Legore^ 
and  Rice,<:  are  forerunners  in  this  area  of  measuring  the  true  concentration 
and  makeup  of  oil  products  in  the  water  of  aquatic  bioassays  of  various  oil 
types.  Hopefully,  this  "dose"/ "concentration"  problem  is  now  resolved  and 
will  not  be  overlooked  in  future  aquatic  bioassays. 

B.  EFFECTS  ON  FAUNA 

Information  obtained  from  the  literature  concerning  the  effects  of 
crude  oil  and  refined  products  on  marine  and  terrestrial  organisms  is 
presented  in  tabular  form  in  Appendix  B.  This  information  was  extracted 
from  the  1974  CEQ  study'7  and  other  sources.  The  following  section  summarizes 
this  information  for  invertebrates  (marine  and  freshwater)  and  vertebrates 
(birds,  fishes,  and  mammals). 

(1)  INVERTEBRATES 

Invertebrate  fauna  of  concern  to  this  study  are  marine  (13  marine 
sites)  and  freshwater  aquatic  invertebrates  (four  terrestrial  sites  that  lead 
to  river  spills).  Terrestrial  invertebrates  exist  at  these  locations,  but 
the  spill  cases  considered  do  not  extensively  involve  the  terrestrial 
environment  except  as  involves  the  logistics  and  deployment  of  possible 
cleanup  operations.  Therefore,  terrestrial  invertebrates  are  not  included 
in  this  discussion  of  oil  effects  nor  were  they  considered  in  the  matrix 
evaluation  process. 

(a)  ZOOPLANKTON 

Zooplankton  are  primarily  filter-feeding  crustaceans  which  are 
located  in  pelagic  (surface)  waters.  These  microscopic  animals  have  mobility 
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but  are  generally  moved  by  water  currents.  They  often  utilize  cilia  (hair¬ 
like  structures)  for  motility  and/or  feeding. 

Many  macro-invertebrate  species  (crabs,  clams)  and  some  fish  species 
have  an  egg  and/or  larval  stage  that, during  a  pelagic  period, becomes  an 
important  component  of  the  plankton  community  (both  categories:  crab  larvae 
and  ichthyoplankton--fish  eggs/larvae  were  broken  out  from  the  two  general 
plankton  groups  in  the  evaluation  matrix).  Pelagic  eggs/larvae  of  fishes 
are  discussed  in  a  following  section.  An  important  aspect  of  this  pelagic 
invertebrate  stage  in  crab  and  clam  life  histories  (as  well  as  other  marine 
invertebrate  groups)  is  that  these  species  can  be  directly  damaged  by  oil 
products  in  this  stage  even  though  adults  may  be  in  deep  water  or  on  beaches 
a  safe  distance  from  the  actual  spill.  Also,  investigators  reported  larvae 
to  be  10  to  100  times  more  sensitive  than  adults. 

Zooplankton,  as  a  group,  are  felt  to  be  susceptible  to  damage  by  oil 
spills  primarily  because  of  their  physical  location  in  close  proximity  to  oil 
on  the  sea's  surface  and  any  related  oil-water  emulsions.  Impacts  could  be 
chemical  as  well  as  of  a  physical  nature  ( i . e . ,  oil  droplets  clogging  cilia). 

Zooplankton,  in  general,  are  thought  to  be  as  susceptible  as  macro¬ 
invertebrate  larvae  to  oil  products.  Certain  invertebrate  larvae  have  been 
bioassayed  in  the  laboratory,  often  because  of  man's  economic  interest  In 
certain  species  (see  Appendix  B  ).  Soluble  aromatic  derivatives  (SAD) 
caused  lethal  toxicity  at  levels  of  0.1  to  1  ppm.  Death  may  occur  at 

even  lower  concentrations  if  larvae  develop  abnormally  and  become  more  sus- 

1 3 

ceptible  to  predation,  competition,  or  other  secondary  effects.  Mortali¬ 
ties  could  also  result  if  zooplankton  and/or  larvae  suffer  narcotization  to 
reduce  ciliar  activity  as  observed  in  mollusks.11 


A 
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Zooplankton  are  dependent  on  a  phytoplankton  base  in  the  food  web 
so  that  oil  effects  on  phytoplankton  would  also  impact  zooplankton. 

Phytoplankton  seem  to  be  variably  impacted  with  some  snecies 
sensitive  to  1-ppm  soluble  aromatic  derivatives  (SAD).7  The  CEQ  report7 
went  on  to  say  that  other  species  were  unharmed  by  100  ppm  and  higher 
concentrations. 

Zooplankton  may  also  concentrate  (accumulate)  certain  petroleum 
hydrocarbons,  the  most  Important  of  which  are  carcinogenic  compounds  (in 
oil  products), and  pass  them  on  in  the  food  web  as  well  as  deposit  the 
materials  to  the  bottom  In  fecal  pellets.^ 

For  the  purposes  of  this  investigation,  MSNW  assumed  that  zooplankton, 
Including  Invertebrate  crab  and  other  larvae,  were  very  sensitive  to  oil 
products  such  as  diesel  with  hi qh  quantities  of  soluble  aromatics  and 
slightly  lass  sensitive  to  the  other  oil  products  such  as  crude  oil  or 
bunker  C. 

(b)  PELAGIC  INVERTEBRATES 

The  only  pelagic  macro-invertebrates  in  Alaska  that  are  involved  In 
major  food  chains  are  the  squids.  One  source^5  indicated  that  direct 
effects  are  not  known,  but  oil  could  possibly  affect  their  food  supply. 

This  lack  of  information  and  lack  of  squid  abundance  information  for  the 
13  marine  locations  precluded  consideration  of  these  animals  in  the  evaluation 
matrix. 

(c)  BENTHIC  MACRO-INVERTEBRATES 

Benthic  macro- invertebrates  are  animals  £hat  live  a  portion  of  their 
lives  on  or  near  the  sea  floor  and  below  the  lowest  tide  level  (contrasted 
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with  intertidal  macro-invertebrates,  following  section).  This  group  contains 

a  great  variety  of  animals,  some  of  which  are  of  great  economic  importance 

in  the  State  of  Alaska  (crab  species,  shrimp).  The  benthic  invertebrates 

discussed  are  crustaceans  (crabs,  shrimp),  bivalves  (clams,  scallops),  and 

other  benthic  invertebrates  (snails,  etc.) 

Crustaceans  are  the  important  cormercially-utilized  group  of  benthic 

invertebrates  in  Alaska.  King  crab,  tanner  crab,  Dungeness  crab,  and 

numerous  shrimp  species  constitute  important  fisheries  in  Alaska  (see 

location  descriptions  in  Section  2). 

Benthic  crustaceans  that  are  commercially  important  are  primarily 

deepwater  forms  as  adults.  They  are  assumed  to  be  relatively  invulnerable 
14 

to  oil.  However,  several  factors  point  to  greater  vulnerability: 


1.  Oil  products  (residual  products  and  weathered  crudes 
and  refined  products)  can  settle  to  the  bottom  and 
become  part  of  these  crustaceans'  habitats. 

2.  Some  forms  (shrimp)  are  known  to  make  vertical  migra¬ 
tions  toward  the  surface  at  night,  increasing  their 
proximity  to  oil  products  and  their  vulnerability  to 
the  oil . 

3.  The  three  crab  (king,  tanner,  and  Dungeness)  move  to 
shallower  waters  to  molt  and  breed.  Vulnerability 
to  oil  products  would  seem  greater  for  the  shallower 
water  inhabitant,  such  as  the  Dungeness  crab,  as 
compared  to  the  deeper  water-inhabiting  king  and 
tanner  crabs. 

4.  Eggs  are  carried  by  the  female  in  these  crustaceans 
for  up  to  a  year  concentrating  these  eggs  with  the 
female  crab.  The  larvae  that  hatch  from  these  eggs 
become  pelagic  for  a  period  of  time.  Dungeness  and 
tanner  crab  larvae  reach  the  surface  (pelagic)  regions, 
increasing  their  vulnerability,  while  the  king  crab 
larvae  remain  in  mid-water  and  deeper  regions. 
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The  vulnerability  of  crabs  and  shrimp  is  therefore  thought  to  be 
fair'iy  high,  with  levels  of  sensitivity  ranging  from  high  (larvae,  night 
shrimp  migrations),  medium  (shallower  water  movements  for  breeding),  and 
low  (deepwater  adults,  such  as  king  and  tanner  crabs).  Vulnerability  is  also 
increased  when  one  considers  that  slight  amounts  of  oil  can  taint  shellfish 
and  reduce  their  marketability.  This  latter  factor  was  not  included  in  this 
evaluation  as  it  is  not  an  apparent  biological  impact  that  is  necessarily 
damaging  to  the  organism. 

One  source^  reported  bioassay  results  of  Prudhoe  crude  oil  or, 
juvenile  tanner  crabs  as  follows: 


1.  Median  tolerance  limits  for  48  hours  for  both  premolt 
and  postmolt  tanner  crabs  was  estimated  to  be  0.56  ml 
oil/liter. 

2.  Molting  success  of  premolt  crabs  after  exposure  to 
0.32  ml  oil/liter  was  significantly  lower  than  molting 
success  of  control  crabs. 

3.  Observations  of  autotomy  in  recently  molted  crabs  that 
survived  acute  oil  exposures  suggested  that  delayed 
and  indirect  mortality  may  occur  among  crabs  that  sur¬ 
vive  a  short  exposure  to  oil. 


See  Appendix  B  for  further  data  on  crustacean  larvae  and  adults. 

For  the  purposes  of  this  evaluation,  MSNW  assumed  a  relatively  high 
level  of  sensitivity  for  these  benthic  crustaceans  because  of  the  sensi¬ 
tivity  of  their  larvae  and  the  probable  vulnerability  of  migrating  adults. 
No  documented  impacts  on  these  benthic  crustaceans  have  been  noted  during 
Cook  Inlet's  oil  exploration  and  production  periods. 

Bivalves  in  the  benthic  environment  include  species  of  scallops, 
subtidal  razor  clams  (as  exist  on  the  Washington  coast),  and  other  bivalve 
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mollusks.  Alaska  scallops  prefer  waters  deeper  than  60  m,  thus  they  are 

assumed  to  be  low  in  vulnerability.^4  Legore^  provided  a  detailed 

literature  review  on  the  effects  of  petroleum  hydrocarbons  on  mollusks. 

Appendix  8  presents  the  available  literature  on  bivalves. 

As  with  benthic  crustaceans,  the  pelagic  larval  stage  may  increase 

1 5 

the  vulnerability  of  mollusks  to  oil  products.  One  source  indicated  a 
relatively  low  resistance  of  mollusks  to  the  toxic  effects  of  oil.  Acute 
toxicity  is  only  a  part  of  the  impact  possible.  Some  mollusks  ( lamelli - 
branches)  have  been  shown  to  have  reduced  pumping  rate^J  probably  due  to 
narcotization  of  cilia.  These  are  cilia-mucous  feeders  and  such  impact 
would  reduce  food  intake  and  possibly  cause  a  delayed  mortality. 

As  with  benthic  crustaceans,  MSNW  ascribed  a  conservative  (moderately 
high)  sensitivity  of  benthic  bivalves  to  some  oil  products  in  this  evalu¬ 
ation.  Some  bivalves  do  have  the  protection  of  closing  their  shells,  but 

1  1 

this  status  cannot  be  maintained  indefinitely.  Critical  concentrations 

reported  in  the  CEQ  report7  are  5  to  50  ppm  of  soluble  aromatic  derivatives. 

Other  benthic  organisms  (small  crustaceans,  gastropods,  etc.)  are 

fairly  sensitive  to  soluble  aromatic  derivatives  (thresholds  appear  to  be  1 
1 3 

to  10  ppm).  Therefore,  MSNW  assumed  this  miscellaneous  group  important 
in  food  webs  (particularly  of  fishes)  as  very  sensitive  to  some  oil  products. 

(d)  INTERTIDAL  MACRO-INVERTEBRATES 
Intertidal  macro-invertebrates  are  animals  which  live  on  shore  zones 
exposed  by  tides,  from  the  lowest  tide  level  to  the  highest  tide  level.  Most 
of  the  benthic  macro-invertebrate  groups  are  also  represented  in  the  inter¬ 
tidal  zone;  however,  the  dominants  shift  from  benthic  crustaceans  to 
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intertidal  mollusks.  The  large  razor  clam  populations  in  Cook  Inlet  are  an 
example. 

It  would  be  repetitious  to  restate  the  prior  sections'  information  for 
these  invertebrates.  One  dramatic  difference  between  the  intertidal  macro¬ 
invertebrates  and  their  benthic  counterparts  is  that  tidal  changes  expose 
them  to  the  physical  coating  of  the  oil  products.  A  compensating  factor  is 
that  many  intertidal  invertebrates  have  the  ability  to  "seal"  th  ^selves 
within  their  shell  (s)  as  they  do  when  low  tides  expose  them  to  the  air.  The 
value  of  this  compensation  would  decline  with  the  time  that  the  oil  products 
would  remain  in  the  intertidal  area.  These  organisms  can  only  sustain 
themselves  for  limited  periods  without  reexposure  to  the  sea  and  food 
resources. 

Intertidal  macro-invertebrates  are  much  hardier  generally  as  compared 
to  their  subtidal  counterparts  which  live  in  a  more  constant  environment. 

MIT^  reported  highly  variable  results  for  intertidal  macro-inverte¬ 
brates.  Bivalve  and  some  gastropod  mollusks'  susceptibility  appears  low 

while  other  gastropods  such  as  limpets  have  a  high  susceptibility,  even  at 

14 

low  oil  concentrations. 

An  important  bivalve  mollusk,  the  razor  clam,  was  observed  to  be 

vulnerable  to  oil  spills.  On  the  Washington  coast  in  1964,  a  barge  spilled 

a  gasol ine/diesel  oil  mixture  on  a  razor  clam  beach, ^  resulting  in  50 

percent  mortalities  within  one-half  mile  of  the  site  and  spotty  mortalities 

1 8 

(as  indicated  by  numbers  of  dead  clams)  for  about  20  miles  from  the  site. 

1 8 

A  minimal  estimate  of  the  kill  was  300,000  clams. 
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Any  narcotization  resulting  in  behavioral  changes  in  a  species  could 
also  result  in  mortality  from  increased  predation  on  the  affected  species. 

With  some  conflicting  information  in  intertidal  macro-invertebrates 
and  with  the  importance  of  razor  clams  at  some  Alaska  locations,  MSNW 
assumed  a  high  sensitivity  for  these  intertidal  animals. 

(e)  FRESHWATER  MACRO-INVERTEBRATES 

Freshwater  aquatic  macro-invertebrates  of  the  streams  into  which 
terrestrial  oil  spills  could  drain  were  assumed  to  be  quite  sensitive  to 
oil.  This  has  been  assumed  from  the  established  high  sensitivity  of  small 
marine  crustaceans. 

(2)  VERTEBRATES 

The  major  vertebrates  of  concern  in  this  study  are  probably  the  marine 
birds  and  fishes  in  the  13  of  17  sites.  Marine  mammals  are  also  important. 

On  the  four  terrestrial  sites,  large  terrestrial  mammals  and  freshwater 
aquatic  organisms,  including  waterfowl,  are  thought  to  be  the  important 
resources.  MSNW  has  hypothesized  terrestrial  oil  spills  that  cover  only  a 
small  amount  of  land  before  entering  nearby  rivers  (Colville,  Sagavanirktok, 
Yukon,  and  Delta).  Therefore,  the  primary  resources  involved  in  direct  oil 
impacts  on  land  are  those  large  mammals,  the  avifauna,  and  the  true  aquatic 
vertebrates  associated  with  these  river  systems  which  will  receive  the 
terrestrial  oil  spills. 

The  following  discussion  characterizes  oil  impacts  on  fishes,  birds, 
and  mammals.  Specific  marine,  freshwater,  or  terrestrial  situations  are 
discussed  within  the  general  categories  for  each  group  of  organisms. 
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are: 


(a)  FISH 
1  3 

MIT  defined  three  mechanisms  by  which  oil  can  impact  fish.  These 


1.  Egg  and/or  larval  mortality  on  spawning  and/or  nursery 
grounds.  Eggs  and  larvae  may  be  affected  by  concen¬ 
trations  of  soluble  aromatic  hydrocarbons  in  excess  of 
0.01  ppm. 

2.  Adult  mortality  or  failure  to  reach  spawning  grounds 
if  the  spill  occurs  in  a  confined,  narrow  or  shallow 
waterway  necessary  for  migration  or  spawning.  [Anadromous 
fish  crowding  into  an  estuary  would  seem  especially  vul¬ 
nerable  to  this  hypothetical  disaster.  ] 

3.  Loss  of  a  local  breeding  population  or  ability  to 
breed  due  to  contamination  of  spawning  grounds  or 
the  destruction  of  the  nursery  area  by  oil. 


The  report  did  not  document  instances  of  the  second  and  third  mechanisms  and 

impact  of  these  types  must  by  hypothesized  at  this  time. 

1  3 

For  the  first  impact  mechanism,  MIT  indicated  the  degree  of  impact 
on  eggs/larvae  would  depend  upon: 


1.  Time  of  year  of  spill  and  season  and  duration  of 
spawning. 

2.  Degree  of  aggregation  of  eggs  and  larvae. 

3.  Type  of  eqgs  and  larvae. 

]  O  1C 

Sources  *  go  further  to  conclude  that  little  is  known  about  oil  impacts 
of  fish  species  and  populations  of  fish  species. 

Appendix  B  summarizes  the  literature  located  on  oil  impacts 
related  to  finfish. 
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SALMONIDS 


All  of  the  of  salmonids  were  considered  similar  in  this  examina 
tion  of  direct  oil  effects  even  though  experimental  information  only  exists 
for  Alaskan  sockeye,  coho,  ’  and  pink  salmon/1  and  Dolly  Varden.  'c  The 
behavioral  differences  and  presence  of  these  salmonids  at  a  given  location 
determine  whether  they  come  into  contact  with  the  hypothetical  oil  spills 
analyzed  in  this  study.  Salmon  are  generally  found  in  shallow  habitats*^  or 
in  surface  pelagic  waters  and  could  be  affected  by  toxic  soluble  components 
in  the  water  column. 

19  20 

Morrow,  *  working  with  juvenile  coho  and  sockeye  salmon,  concluded 


1.  Crude  oil  poured  on  the  water  surface  of  25-gallon 
tanks  in  amounts  equivalent  to  500  to  3,000  ppm 
produced  up  to  100  percent  average  mortalities  in  96 
hours.  These  quantities  of  oil  might  well  occur  if 
oil  from  a  spill  were  carried  into  shallow  inshore 
waters . 

2.  The  majority  of  the  96-hour  experimental  mortality 
rates  are  significantly  higher  than  the  mortality 
rates  of  control  animals. 

3.  The  mortality  rates  are  directly  related  to  the  con¬ 
centration  of  oil,  but  they  appear  to  be  inversely 
related  to  water  temperature. 

4.  Mortality  apparently  is  caused  by  some  component  of 
crude  oil  that  is  soluble  in  water  and  is  also  vola¬ 
tile  and/or  easily  oxidized. 

5.  Crude  oil  loses  its  toxicity  to  salmon  after  exposure 
to  air,  probably  through  the  loss  of  volatile  toxic 
components.  Hence,  conclusions  based  on  bioassay 
work  with  oil  of  unknown  history  may  be  less  valuable 
than  those  derived  from  studies  wherein  the  handling 
history  of  the  oil  is  known. 


21 

Rice,  working  with  pink  salmon  fry  subjected  to  Prudhoe  crude,  con¬ 
cluded: 

1.  Bioassays  indicate  that  older  pink  salmon  fry  held  in 
sea  water  at  high  temperatures  are  more  susceptible  to 
oil  toxicity  than  younger  fry  held  at  lower  temperatures. 

2.  Laboratory  avoidance  experiments  show  that  pink  salmon 
fry  are  able  to  detect  low  sublethal  concentrations  of 
oil. 

3.  It  is  not  known  what  the  effect  of  sublethal  concen¬ 
trations  of  oil  on  salmon  migrations  will  be,  but  the 
potential  for  harm  is  clear. 

1  ? 

From  bioassays  on  pink  salmon  fry  and  small  Dolly  Varaen,  Rice 
indicated  that  Cook  Inlet  crude  was  10  to  20  percent  more  toxic  than  Prudhoe 
crude.  He12  also  noted  Increased  ventilation  (operculum/gill  movement)  In 
pink  salmon  fry. 

Also  noted  In  bioassays  of  varying  salinities  was  that  crude  oil 

1 2 

soluble  components  were  more  soluble  in  sea  water  than  in  fresh  water. 

This  could  create  varying  toxiclties  of  a  given  oil  type  and  volume  as  a 
species  (such  as  salmon)  moves  from  fresh  to  sea  water  and  vice-versa,  or 
as  salinities  change  in  an  area. 

Based  upon  this  limited  information,  MSNW  assumed  that  salmon,  trout,  and 
other  salmonids  are  quite  vulnerable  (in  this  study)  to  spilled  petroleum  and 
hydrocarbons.  MSNW  assumed  nonlethal  impacts  (behavioral  changes  due  to  oil 
avoidance)  could  occur  in  bays  (Kvichak,  Kachemak,  and  others)  and  in  river 
systems  to  upset  migration  patterns  and  be  detrimental  to  any  salmonids 
present.  This  Is  known  to  be  a  conservative  approach  as  others  have  argued 
that  these  species  can  sense  sublethal  concentrations  and  avoid  them.  MSNW 
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agreea  that  this  is  probably  true  in  pelagic  open-water  situations.  MSNW 
also  attempted  to  establish  timing  of  migration  in  and  out  of  fresh  water 
where  oil  damage  would  probably  be  most  severe. 

BENTHIC  COMMERCIAL  FISHES 

This  group  includes,  primarily,  the  cods,  flatfishes,  and  rockfishes. 
These  are  generally  all  bottom-dwelling  species  (as  adults)  living  in  deep 
water.  During  spawning  movements,  these  species  may  come  into  shallower 
waters  and  often  their  egg  and  larval  stages  are  pelagic-  Appendix  B 
indicates  one  study  showing  plaice  (a  flatfish)  eags  very  sensitive  to 
an  undefined  "oil"  in  a  two-day  exposure. 

Based  upon  this  limited  information,  MSNW  took  a  conservative  approach 
to  this  group  of  species  and  assumed  some  oil  products,  crude  and  bunker  C, 
and,  in  particular,  their  toxic  components  could,  after  weathering  or  after 
sufficient  mixing,  reach  benthic  habitats  and  the  adults  of  these  species. 

Even  with  the  approach,  MSNW  assumed  only  small  damage  to  the  adults. 

MSNW  did  assume  greater  impact  where  adults  of  certain  species  were 
thought  to  move  into  shallow  water  and  where  pelagic  eggs/larvae  were  thought 
to  be  present.  In  these  cases,  greater  vulnerabil ity  was  assumed  for  these 
commercial  benthic  species. 

OTHER  BENTHIC  FISHES 

This  group  includes  the  numerous  sculpin  species,  greenlings,  and 
other  marine  fishes.  It  is  impossible  to  generalize  this  diverse  group  con¬ 
cerning  the  relative  impact  and  their  vulnerability.  Sculpins  occur  over  a 
wide  depth  range  as  does  the  remaining  mixture  of  "other"  marine  fishes  (i.e.  , 


4-18 


poachers,  lumpsuckers,  etc.).  The  green! ings  usually  inhabit  the  shallow 
waters.  As  concluded  by  AEIDC,^2  any  "species  living  in  shallow  water, 
either  permanently  or  during  a  shallow-water  stage  of  its  life  cycle,  could 
be  susceptible."  Therefore,  MSNW  assumed  if  these  species  or  groups  of 
species  met  these  criterion,  then  they  were  moderately  vulnerable  to  oil 
spills. 

PELAGIC  FISHES 

This  group  includes  herring,  smelt,  sandlance,  and  Atka  mackeral  (a 
qreenling).  As  pelagic  implies,  all  these  species  are  primarily  surface- 
water  dwellers.  Herring  are  especially  vulnerable  as  they  deposit  adhesive 
eggs  on  nearshore  kelp,  and  some  sources 14 *23  feel  a  spill  would  be  disastrous 
to  this  species.  Some  smelt  species  are  anadromous  like  salmon  and  ascend 
streams  to  spawn  while  others  spawn  in  shallow  marine  areas  adjacent  to  sand 
or  cobble  beaches.  Sandlance  also  spawn  similarly  to  this  latter  group  of 
smelt.  Atka  mackeral  spawn  in  shallow  cobble-bottom  areas  with  adhesive  eggs. 
Larvae  move  to  the  pelagic  areas  and  become  adults. 

Vulnerability  in  all  these  species  increases  as  they  move  to  these 
shallow  shore  areas  to  spawn  there  or  ascend  coastal  rivers.^  They  are  also 
vulnerable  as  surface-dwelling  adults  and  larvae.  MSNW  assumed  this  group  of 
fish  species  to  be  highly  vulnerable  to  oil  products,  particularly  diesel  2, 
gasoline  (while  it  remains  on  water),  and  crude  oils  with  high  quantities  of 
soluble  aromatics. 
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FRESHWATER  FISHES 


These  species  include  some  groups  already  discussed  that  are  marine 
and  anadromous  (salmonids ) .  Sculpins,  pike,  and  sticklebacks  are  examples  of 
other  freshwater  fishes.  Additional  salmonids  include  cisco,  whitefish,  and 
grayl ing. 

Hypothetical  oil  spills  from  land  into  rivers  (Colvil le.Sagavanirktok, 
Yukon,  and  Delta)  were  all  given  by  the  USCG  as  being  crude  oil  in  varying 
volumes.  Because  of  the  concentrated  impact  of  these  spills  on  restricted 
areas,  MSNW  assumed  that  crude  oil  was  damaqing  to  these  species.  Behavioral 
changes  resulting  from  sensing  sublethal  concentrations  were  also  assumed 
detrimental  to  migrating  species  like  some  salmonids. 

MSNW  Generally  assumed  the  salmonids,  including  whitefishes,  grayling, 
and  cisco,  were  similarly  very  sensitive,  particularly  as  eggs  and  juveniles. 
Pike,  sculpins,  and  sticklebacks  were  assumed  to  be  somewhat  less  sensitive. 
Known  areas  of  concentrations  of  fishes  while  spawninq  were  also  assumed  to 
be  extremely  vulnerable  to  crude  oil  spills. 

BIRDS 

The  greatest  observed  impact  of  past  oil  spills  has  been  on  surface¬ 
living  seabirds.  One  study^  summarized  the  effects  of  oil  on  birds  as 
follows: 


Oil  mats  their  feathers,  reducing  their  buoyancy  and  in¬ 
sulation  ability.  Not  only  is  the  affected  bird  dulled 
and  hindered,  but  it  may,  while  preening,  injest  some  oil 
and  be  subject  to  toxic  qualities.  Birds  cannot  recognize 
oil  spills  and  avoid  the  danger.  Birds  whose  habits  bring 
them  into  closest  contact  with  oil  would  be  most  suscep¬ 
tible. 
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Table  4-1  provides  summary  evaluations  of  susceptible  time  periods  of 

various  bird  groups  and  other  flora  and  fauna  to  oil  spills. 

14 

One  study  summarizes  oil  effects  on  bird  groups  as  follows: 


BLACK  BRANT  AND  EMPEROR  GEESE.  These  are  entirely  marine  feeders 
and  would  be  highly  vulnerable  to  losses  from  the  mechanical 
effects  of  oil. 

CANADA  GEESE  AND  PUDDLE  DUCKS.  To  the  extent  that  these  species 
are  less  oriented  to  marine  habitats,  they  would  be  less  suscep¬ 
tible  than  emperor  geese  and  brant. 

DIVING  DUCKS.  They  nest  in  fresh  water.  They  would  be  most  vul¬ 
nerable  in  Fall,  Winter, and  early  Spring  when  they  are  on  salt 
water. 

SEA  DUCKS.  Except  for  nesting  of  scoters  and  the  harleguin  duck, 
sea  ducks  are  entirely  maritime  in  habit  and  would  be  vulnerable 
most  of  the  year.  The  greatest  numbers  of  these  birds  would  be 
in  the  study  area  during  Spring  and  Fall  migration. 

MERGANSERS,  LOONS,  AND  GREBES.  These  species  nest  on  fresh  water 
and  Winter  on  salt  water.  Their  vulnerability  would  be  similar 
to  that  of  the  diving  ducks. 

ALBATROSSES.  These  birds  are  found  in  the  Western  Gulf  in  Summer 
and  could  become  trapped  in  any  oil  spilled  in  their  feeding  areas, 
particularly  tide  rips,  where  both  spilled  oil  and  birds  tend  to 
concentrate. 

TUBENOSES  AND  STORM  PETRELS.  These  birds  are  totally  marine 
feeders  and  would  be  highly  susceptible  to  mortality  from  oil. 

CORMORANTS.  Although  the  double-crested  cormorants  sometimes 
nest  in  fresh  water,  the  two  other  cormorant  species  found  in 
Alaska  nest  adjacent  to  marine  habitats.  In  Winter,  all  feed 
on  exposed  open  water  and  could  be  caught  in  spilled  oil  during 
that  period. 

OYSTERCATCHERS  AND  SHOREBIRDS.  Birds  of  this  group  feed  in  the 
intertidal  zone  and  could  be  effected  by  oil  washing  ashore. 

JAEGERS.  All  the  jaegers  are  associated  with  salt  water,  the 
parasitic  and  pomarize  jaeger  more  so  than  the  long-tailed 
which  nests  inland.  These  birds  do  not  feed  on  the  water  but 
could  come  in  contact  with  food  contaminated  by  oil.  Their  risk 
of  exposure  to  oil  is  not  as  high  as  marine  feeders. 
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TABLE  4-1.  SUSCEPTIBILITY  OF  BRISTOL  BAY  MARINE 
ORGANISMS  TO  INJURY  FROM  CRUDE  OIL 
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TABLE  4-1.  (CONT’D. ) 
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GULLS  AND  TERNS.  Birds  of  these  groups  that  nest  in  colonies 
adjacent  to  salt  water  or  that  Winter  on  salt  water  would  be 
highly  vulnerable  to  oil  pollution. 

AUKS,  MURRES,  AND  PUFFINS.  These  birds  spend  all  their  time  in 
or  on  salt  water  except  for  periods  that  they  are  engaged  in 
nesting  activities.  This  group  is  probably  the  most  susceptible 
of  all  birds  to  losses  from  oil. 

In  general,  MSNW  assumed  aquatic  birds  to  be  relatively  sensitive  to 
all  oil  products  if  they  were  thought  to  be  in  an  area  when  a  spill  occurred, 
with  some  groups  more  susceptible  than  others  as  described.  The  possibility 
of  damage  to  the  food  web  of  many  of  these  birds  was  also  assumed  to  be  high. 

Terrestrial  birds,  including  the  raptors,  ptarmigan,  and  smaller 
birds,  were  thought  less  susceptible  to  oil  products  than  the  aquatic  birds, 
although  they  could  be  affected. 

MARINE  MAMMALS 

Marine  mammals  include  the  whales,  seals,  sea  otters,  walrus,  por¬ 
poises,  sea  lions,  and  polar  bear. 

Evidence  of  direct  effects  of  oil  on  marine  mammals  is  limited  to 
sea  otters,  with  little  evidence  of  direct  impacts  on  other  species. 

Northern  Fur  seals  were  assumed  to  be  vulnerable.  Burns^4  also  indicated 
that  hair  seals  (ringed,  ribbon,  bearded, and  harbor)  are  also  possibly 
impacted  by  oil  spills.  The  young  of  these  hair  seals  (less  than  one  monthold) 
are  assumed  vulnerable  while  in  the  "lanugo"  (fur)  coat.  MSNW  assumed  that 
oil  products  in  seal  haul -out  areas  or  areas  of  concentration  were  detri¬ 
mental.  It  was  also  assumed  by  MSNW  that  oil  products  could  be  damaging 
to  the  food  chains  of  these  marine  mammals. 
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fISNW  basically  assumed  that  sea  otters  were  very  sensitive  and 
vulnerable  to  oil  spills  and  that  the  other  marine  marmials  were  vulnerable 
only  if  oil  products  went  to  areas  of  known  high  concentration  of  seals  and 
sea  lions.  This  latter  imnact  was  assumed  to  be  small.  Marine  mammals  whose 
food  web  links  were  possibly  impacted  by  oil  spills  were  consequently 
assumed  to  be  slightly  impacted  by  oil  spills. 

No  information  was  located  showing  direct  oil  sensitivities  of 
porpoises,  whales,  walrus,  or  polar  bear.  /HI  could  be  potentially  impacted 
indirectly  through  their  food  webs. 

TERRESTPIAL  MAMMALS 

This  group  of  mammals  includes  the  large  carnivores  (bears), 
herbivores  (moose,  caribou,  etc.)  to  the  smaller  mammals  ("other  mammals") 
such  as  fox.  One  source"*4  indicated  that  a  large  number  of  these  mammals 
such  as  mink,  weasel,  river  otter,  fox,  muskrat,  beaver,  deer,  bear,  could 
be  exposed  to  oil  either  directly  or  through  their  food.  The  Arctic 
Environmental  Information  and  Data  Center"*4  went  on  to  say  that  direct  im¬ 
pacts  would  not  be  expected  to  be  severe,  but  habitat  damage  could  br 
significant.  Storm  and  high  tide  combinations  could  drive  oil  onto  coastal 
marshes  and  beaches  and  would  be  expected  to  cause  losses  in  groups  such  as 

22 

puddle  ducks  and  shorebirds  and  possibly  terrestrial  mammals  located 

there.  Terrestrial  species  that  contact  coastal  marine  areas  to  live  and/or 

14 

feed  could  also  be  affected. 

River  spills  in  Winter  may  be  important  in  the  land  spill  sites  as 
moose  concentrate  in  the  riparian  vegetation  along  stream  courses  (possibly 
95  percent  are  within  one-half  mile  of  the  stream).^  This  Winter  problem 
with  moose  and  possibly  other  terrestrial  species  is  compensated  for  ty  the 
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reduced  area  that  crude  oil  would  spread  under  Winter  conditions.  River 
courses  are  therefore  key  habitats  in  Summer  as  well  as  Winter,  and  some 
spills  of  great  enough  magnitude  could  be  a  significant  impact.  Any  aquatic 
mammals  (beaver,  muskrat,  river  otter)  depending  on  fur  for  insulation  would 
also  be  vulnerable  to  the  physical  impacts  of  oil. 

C.  EFFECTS  ON  VEGETATION 
(1)  MARINE  FLORA 

Most  field  studies  of  the  subtidal  communities  in  the  area  of  oil 

spills  have  concluded  that  the  subtidal  algae  are  not  generally 

affected.  "  J  Only  a  few  subtidal  species  were  observed  to  be 

affected  by  the  Torrey  Canyon  spill  which  effects  might  have  been  due  to 

T1  1? 

detergents  used  to  emulsify  the  oil.  ’  A  great  increase  in  growth  of 

subtidal  flora  was  observed  after  a  diesel  oil  spill  and  thought  to  be  due 

to  the  mortality  of  invertebrate  grazers  in  the  area. 33 

The  greatest  negative  effects  on  marine  algae  from  oil  spills  occur 
25-52 

in  the  intertidal.  It  is  clear  that  there  is  a  great  deal  of 

variability  in  the  mortality  observed  in  this  region.  Some  of  this  varia¬ 
bility  depends  upon  the  type  of  flora,  substrate,  environmental  conditions 
(sea  state,  temperature,  etc.),  type  of  oil  and  other  factors.  For  example, 
the  ARROW  spill  (bunker  C  or  ^6  fuel)  in  Nova  Scotia  (the  area  most  similar 
phytogeographical ly  to  Alaska  in  which  oil  spill  effects  have  been  studied) 
showed  no  significant  changes  in  concentration  of  algae  and  no  direct  toxic 
effects  to  mature  or  juvenile  plants  (including  eelgrass)  over  a  period 
of  two  months^^  The  heavy  algal  mortalities  observed  after  the  Torrey 
Canyon  spill  are  generally  attributed  to  detergents. 32,39,41  The  more  voi ati 1 e 
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components  of  the  crude  oil  probably  were  dissipated  before  the  oil  reached 

31 

the  shore,  making  the  oil  itself  practically  harmless.  Effects  depended 

upon  the  precise  points  at  which  oil  touched  the  shore  (i.e.,  lee  shores  were 

31 

not  contacted  and  not  affected). 

After  intensive  study,  it  was  concluded  that  the  mortality  of  marine 
algae  due  to  oil  was  insignificant  (or  possibly  masked)  compared  to  normal 
agents  of  mortality  such  as  freshwater  runoff  and  sand  movement  and  other 
sources  of  pol lution. 34-36,44,52  However,  kills  of  Phyllospadix  (surf  grass) 
were  attributed  to  the  oil. 

"Smothering"  and  consequent  mortality  were  observed  to  a  small  and 

sporadic  extent  after  crude  oil  spills ?5 ,41 

The  heaviest  mortalities  of  marine  algae  were  observed  where  diesel 

oil  was  spilled  very  close  to  shore  and  concentrated  within  a  small  cove.  33 

A  similar  case  was  observed  off  the  Washington  Coast  where  oil  was  again 

.  4o 

concentrated  into  a  cove  by  shipwreck. 

As  previously  mentioned,  marine  algae  sometimes  exhibit  a  marked 
increase  in  biomass  by  growth  of  sporelings  when  oil  spills  kill  invertebrate 
grazers  that  would  otherwise  keep  them  cropped  down.  *33*^ 

Recovery  to  normal  populations  of  marine  algae  is  usually  fairly 
fast  (one  to  two  years)  but  depends  upon  the  longevity  of  oil  smears  cover¬ 
ing  rock  surfaces  and  preventing  algal  settlement^  and  the  recovery  of 

.  ,  .  31,33,41 

algal  herbivores. 

The  relationships  of  the  major  factors  and  the  effects  on  marine 
algae  are  shown  in  Table  4-2  .  The  worst  scenario  would  be  diesel  oil 
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SDilled  directly  into  a  relatively  confined  embayment  where  most  or  all  inter¬ 
tidal  marine  alqae  would  be  killed.  When  any  of  these  factors  are  changed, 
effects  would  be  less. 


TABLE  4-2  .  GENERAL  RELATIVE  EFFECTS  OF  OIL  ON  MARINE  ALGAE 


EFFECTS 


LEAST 

_ (D _ 


MOST 

J1L 


FACTOR 

_ UL_ _ 

Oil  Type 

Time  to  Impact 

Confinement  and/or 
Quantity 

Floral  Region 


Crude  Oil 

Long  Time  to  Impact 

Unconfined,  Little 
Oil 

Subtidal  Flora 


Highl  '  Refined  Oil 

Short  Time  to  Impact 

Very  Confined,  Much 
Oil 

Intertidal  Flora 


(2)  CRUDE  OIL  IMPACTS  ON  TERRESTRIAL  AND  AQUATIC  VEGETATION 
Numerous  studies  (accidental  and  experimental  spills)  indicated  that 
crude  oil  and  distilled  products  are  toxic  to  plants.  Oil  spilled  on  some 
vegetation  (tundra)  is  expected  to  also  have  physical  impacts  such  as  physi¬ 
cal  coatinq  as  well  as  local  heat  flux  changes.  The  latter  results  from  the 
destruction  of  the  stabilizing  mat,  in  addition  to  increased  absorption  of 
solar  radiation,  which  may  create  increased  thaw  and  permafrost  degradation-.^ 
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Toxicity  of  crude  oil  on  plants  is  quite  variable  dependinq  on  the 

species  involved.  Distillation  products  (diesel  fuel,  jet  fuel,  auto 

gasoline,  aviation  gasoline)  were  shown  to  be  very  toxic  to  terrestrial 

5  5 

vegetation  after  spills  from  the  Haines-Fairbanks  Military  Pipeline.  This 

source*5  went  on  to  indicate  that  numerous  tree  species  were  killed,  along 

with  1  ichens,  sedges ,  herbaceous  plants,  and  woody  shrubs.  The  growth  was 

reduced  in  some  trees.  How  these  distilled  products  relate  to  the  crude  oil 

scenarios  in  this  study  is  not  known,  although  the  toxicity  of  these  dis- 

56 

tilled  products  is  potentially  more  destructive  than  crude  oil. 

In  crude  oil  experiments,  some  sedges  seemed  relatively  tolerant; 
however,  reduced  production  resulted  in  following  qrowing  seasons.  Heavy 
saturations  of  soil  with  crjde  oil  or  crude  oil  contacting  plant  foliage  and 
roots  resulted  in  the  deatr.  of  the  plant,  particularly  in  very  low-growing 
plants  such  as  lichens  and  mosses.55 

Plant  recovery  from  crude  oil  impact  is  adequate  if  only  covered 

foliage  is  killed;  however,  recovery  is  reduced  if  soils  are  penetrated  and 

roots  are  exposed  to  oi  l  This  source*5  concluded  that  plant  structure  and 

probable  low  oil  penetration  in  soil  may  make  the  Arctic  terrestrial  regions 

relatively  less  vulnerable  to  severe  damage  as  compared  to  terrestrial  regions 

in  taiqa  and  temperate  areas.  If  crude  oil  soil  penetration  does  occur,  more 

extensive  damage  is  expected  and  impacts  would  be  long  term  and  extend  for 
56 

many  seasons.  Penetration  of  oil  seems  to  be  a  function  of  water  content  with 
dry  areas  exhibiting  penetration  to  the  permafrost  while  wet  areas  (assumed 
at  the  Onshore  Prudhoe  and  Umiat-Col vi  1 le  River  spills)  did  not  allow  oil 
penetration  much  below  the  organic  layer  (less  than  1,6  in.).  57 
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Terrestrial  impact  at  Onshore  Prudhoe  and  Umiat  are  expected  to  be 
small  in  the  small  amount  of  wet  sedge  meadow  tundra  crossed  by  the  hypo¬ 
thetical  crude  oil  spills  from  the  spill  site  to  the  receiving  river 
(Sagavanirktok  and  Colville,  respectively).  In  these  rivers,  the  small 
amounts  of  aquatic  vegetation,  includi ng  sedges  such  as  Carr?  and  Er-!opherm, 
that  are  assumed  to  be  present  in  the  Summer  season  are  expected  to  be  moder¬ 
ately  impacted.  Dwarf  willows  and  herbaceous  plants  are  assumed  to  be 

moderately  to  heavily  impacted  based  upon  the  impact  of  distilled  products 

5° 

on  these  plants  described  by  one  source.  ° 

The  terrestrial  and  aquatic  plants  described  for  the  Yukon  River 
crossing  location  and  the  Denali  Fault  location  are  assumed  to  be  moderately 
impacted  by  any  oil  reaching  these  plants.  At  each  location,  only  a  small 
section  of  terrestrial  area  is  covered  before  the  oil  enters  the  Yukon  River 

or  Castner  Creek-Delta  River.  The  oil  in  the  free-flowing  Yukon  River  would 

be  expected  to  contact  aquatic  and  nearshore  riparian  vegetation  as  it  was 

carried  downstream.  On  the  Delta  River,  the  same  would  occur  except  that 
much  more  shoreline  and  islands  could  be  contacted  because  of  the  braided 
nature  of  the  Delta  River  stream  bed.  The  Yukon  by  comparison  is  a  relatively 
open  channel  with  major  islands  from  the  Yukon  crossing  to  the  Tanana  junction. 

Oil  impacts  on  aquatic  and  terrestrial  riparian  vegetation  would  be 
expected  to  be  greater  for  similar  volumes  of  crude  oil  on  the  Delta  River  as 
compared  to  the  Yukon  River  because  of  the  greater  exposure  ot  vegetation  to 
this  oil.  Also  contributing  is  the  much  greater  flow  rate  and  volumes  on  the 
Yukon  which  would  have  a  diluting  effect.  Oil  on  the  Yukon  would  be  expected 
to  become  involved  in  small  side  branches,  in  back  eddies,  and  in  the  outside 
of  oxbow-type  turns  in  the  stream  bed,  but  this  would  be  scattered  over  a 
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wide  area  wherever  these  conditions  and  possibly  others  exist  to  "collect" 
crude  oil . 

Compared  to  terrestrial  impacts  which  would  have  a  long-term  com¬ 
ponent,  the  crude  oil  in  these  rivers  would  be  expected  to  have  a  lower  long¬ 
term  component  with  the  Yukon  expected  to  have  the  lowest  long-term  impact 
of  all  rivers  evaluated. 

A  scondary  impact  of  crude  oil  spill  that  is  probable  with  the  men 
and  machinery  around  the  spill  sites  is  the  ignition  of  hydrocarbon  vapors  pro¬ 
duced  by  the  flashing  process  of  hot  crude  released  from  a  pipeline,  if  the 

n  RQ 

oil  is  to  be  piped  at  a  temperature  above  70  C.  Besides  the  obvious  human 

hazard  (fire  and  possibly  toxic  concentrations  of  H^S),  there  are  environmental 

hazards  from  fire,  particularly  in  the  Summer.  Arctic  fires,  especially,  are 

Weil  understood  to  be  of  severe  ecological  damage  with  a  long  restoration 

period.  "  These  impacts  would  result  from  destroying  the  insulating  active 

layer  of  moss  and  melting  permafrost  which  would  lead  to  qround  instability, 

and  tne  residue  from  burned  oil  which  would  modify  the  local  albedo  to  cause 

58 

further  thermal  changes. 

D.  SUMMARY  EFFECTS  ON  FLORA/FAUNA 

Various  authors  have  attempted  to  summarize  oil  effects  on  flora  and 
fauna  AEIDC  prepared  a  marine  flora/fauna  sunmary  (see  Table  4-1  )  for 
Bristol  Bay  which  is  applicable  in  other  marine  study  areas  where  these  or 
similar  groups  or  species  exist.  Timings  may  vary  for  sites  north  and  south 
of  Bristol  Bay,  but  the  summary  is  still  felt  applicable. 

Another  useful  summary  was  prepared  after  a  literature  review. 

The  information  from  their  report  is  presented  in  Table  4-3  . 
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TABLE  4-3  .  TOXICITY  RANGES  OF  VARIOUS  OIL 
PRODUCTS  ON  SEVERAL  CLASSES  OF  ORGANISMS 


ESTIMATED  TYPICAL  TOXICITY  RANGES  (PPM) 
FOR  VARIOUS  SUBSTANCES 


CLASS  OF  ORGANISMS 
(1) 

SAD 

(2) 

#2  FUEL 
OIL/KEROSENE 
J3) 

FRESH 

(4) 

CRUDE 

WEATHERED  CRUDE 

Flora 

10 

. 

100 

50 

-  500 

104  - 

105 

Coating  More  Sig- 

nificant 

than 

Toxicity 

Finfish 

5 

- 

50 

25 

-  250 

104  - 

10s 

II 

li 

Larvae 

0.1 

- 

1.0 

0.5 

-  5.0 

102  - 

103 

II 

II 

Pelagic  Crustaceans 

1 

- 

10 

5 

-  50 

103  - 

10“ 

II 

II 

Gastropods 

10 

- 

100 

50 

-  500 

104  - 

105 

li 

II 

Bivalves 

5 

- 

50 

25 

-  250 

104  - 

105 

it 

II 

Benthic  Crustaceans 

1 

- 

10 

5 

-  50 

103  - 

104 

li 

II 

Other  Benthic 

Invertebrates 

1 

- 

10 

5 

-  50 

103  - 

104 

li 

li 

^Soluble  aromatic  derivatives  (aromatics  and  naphthenoaromatics) 

SOURCE:  Resident's  Council  on  Environmental  Quality,  OUTER  CONTINENTAL 
1HELF  OIL  AND  GAS— AN  ENVIRONMENTAL  ASSESSMENT,  April  1974. 
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The  evaluations  made  in  scoring  matrix  impacts,  coupled  information 
as  to  the  presence  (and  abundance)  of  species  or  groups  of  species,  their 
location  in  relation  to  the  oil,  and  the  varying  sensitivities  of  these 
species  or  groups  of  species  as  designated  in  these  two  tables. 

E.  EFFECTS  ON  THE  PHYSICAL  ENVIRONMENT 

Potential  effects  on  the  physical  environment  range  from  very  small- 
scale  effects  such  as  locally  changing  the  percolation  characteristics  of  a 
small  beach  segment?9  (see  Section  5-E)  to  large-scale  effects  such  as  altering 
the  albedo60"62  ?nd,  hence,  the  equilibrium  of  the  Arctic  ice  pack  (Section 
5-C-2).  The  importance  of  all  of  the  potential  effects  on  the  physical 
environment  has  not  been  assessed  in  any  systematic  manner  nor  is  there  even 
agreement  on  the  quantities  of  oil  required  to  cause  a  measurable  physical 
impact,  as  in  the  case  of  albedo  changes  of  the  ice  pack.61  »62  Nevertheless, 
one  can  single  out  the  albedo  effects  and  the  potential  alterations  of 
permafrost  equilibrium  level s’®  as  the  major  physical  environment  impacts. 

For  both  ice  and  land-based  spills,  the  effects  of  burning  as  a  means  of 
disposing  of  spilled  oil  must  be  further  investigated,  since  burning 
by-products  may  intensify  the  physical  effects  of  the  oil.  Certainly  on 
land,  where  revegetation  is  a  slow  process,  burning  may  be  more  detrimental 
than  the  oil  itself  which  may  be  removed  manually  as  evidenced  by  the 
changes  in  vegetation  and  permafrost  levels  in  natural  fire  areas.  Whether 
smoke  generated  by  burning  oil  on  the  ice  pack  causes  sufficient  distribu¬ 
tion  of  particulate  matter  to  alter  ice  albedo  appreciably  or  not  needs  to 
be  investigated  in  more  detail. 
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The  detrimental  effects  on  northern  terrain  of  heavy 

63 

traffic  are  well-known  and  documented.  As  a  consequence, 
activities  in  the  tundra  regions  are  assumed  to  be  water  or 


equipment 
shoreside  cleanup 
beach-based. 


4-34 


SECTION  4. 


REFERENCES 


1.  Clark,  R.  B.  ,  OIL  POLLUTION  AND  ITS  BIOLOGICAL  CONSEQUENCES,  a  REVIEW 
OE  SCIENTIFIC  LITERATURE  PREPARED  FOR  GREAT  BARRIER  REEF  PETROLEUM 

drilling  royal  commission.  Department  of  Zoology,  University  of 
Newcastle  on  Tyne,  31  January  1973. 

2.  NAS,  BACKGROUND  PAPERS  FOR  WORKSHOP  ON  INPUTS,  FATE,  AND  EFFECTS  OF 
OIL  in  MARINE  ENVIRONMENTS,  National  Academy  of  Science,  May  21  thru 
25,  1973. 

3.  Nelson-Smith,  A.,  OIL  POLLUTION  AND  MARINE  BIOLOGY,  Plenum  Press,  N.Y., 
1973. 

4.  Moore,  S.  F.,  R.  L.  Cwyer,  and  A.  M.  Katz,  A  PRELIMINARY  ASSESSMENT 

OF  THE  ENVIRONMENTAL  VULNERABILITY  OE  MACHIAS  BAY,  MAINE,  TO  OIL  SUPER- 

7 ANKERS,  MIT  Laboratory  of  Water  Resources  and  Hydordynamics,  TR  162, 

1973. 

5.  Boesch,  D.  F.,  C.  H.  Hershner,  and  J.  Milfran,  OIL  SPILLS  AND  THE 
MARINE  ENVIRONMENT,  Ballinger  Publishing  Company,  Cambridge,  Mass., 

1974. 

6.  Moore,  S.  F.,  G.  R.  Churlin,  C.  J.  Puccia,  and  B.  P.  Schrader, 

POTENTIAL  BIOLOGICAL  EFFECTS  OF  HYPOTHETICAL  OIL  DISCHARGES  IN  THE 

A  ~  LAN  TIC  COAST  AND  GULF  OF  ALASKA,  MIT  Department  of  Civil  Engineer¬ 
ing,  Report  MITSC  74-19,  1974. 

7.  President's  Council  on  Environmental  Quality,  OUTER  CONTINENTAL  SHELF 
'LL  an:  IASS— AN  ENVIRONMENTAL  ASSESSMENT,  April  1974. 

8.  Straughan,  D. ,  "Factors  Causing  Environmental  Chanqes  After  An  Oil 
Spill,"  <r.  PETROLEUM  TECHNOLOGY,  250-254,  Marrh  1972. 

9.  Brooks,  J.  W. ,  J.  C.  Bartonek,  D.  R.  Klein,  D.  L.  Spencer,  and  A.  S. 
Thayer,  ENVIRONMENTAL  INFLUENCES  OF  OIL  AND  GAS  DEVELOPMENT  IN  THE 
ARCTIC  SLOPE  AND  BEAUFORT  sea,  USDI  Fish  and  Wildlife  Service, 

BSFSWS  Resource  Publication  96,  24  pages,  1971. 

10.  Blumer,  M.  and  J.  Sass,  THE  WEST  FALMOUTH  OIL  SPILL  II,  CHEMISTRY., 

Woodshole  Oceanographic  Institute,  Technical  Report  WHOI-72-19, 

April  1972. 

11.  LeGore,  Richard  Stephan,  THE  EFFECT  OF  ALASKAN  CRUDE  OIL  AND  SELECTED 
HYDROCARBON  COMPOUNDS  ON  EMBRYONIC  DEVELOPMENT  OF  THE  PACIFIC  OYSTER, 
CRASSOSTREA  01  GAS,  PhD  Thesis,  University  of  Washington,  181  pages  and 
Appendices,  1974. 


4-35 


SECTION  4. 


REFERENCES  (CONT'D) 


12. 

13. 

14. 

15. 

16. 

17. 


18. 

19. 

20 

21. 


22. 


23. 


Rice,  Stanley,  NOAA-NMFS,  personal  communication,  29  August  1974. 

Massachusetts  Institute  of  Technology,  potential  biological  effects 
OF  HYPOTHETICAL  OIL  DISCHARGES  IN  THE  ATLANTIC  COAST  AND  GULF  OF  ALASKA, 

U.  s.  Department  of  Commerce,  BOM- 74-1 1089,  April  1974. 

Arctic  Environmental  Information  and  Data  Center,  WESTERN  GULF  OF 
ALASKA,  A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  Land  Management- 
Offshore  Continental  Shelf  Office,  Draft-on  microfiche. 

MIT,  THE  GEORGES  BANK  PETROLEUM  STUDY.  VOL.  II.,  Offshore  Oil  Task 
Group,  Report  No.  MITSG  73-5,  1973. 

Karinen,  John  F.  and  Stanley  D.  Rice,  "Effects  Of  Prudhoe  Bay  Crude 
Oil  On  Molting  Tanner  Crabs,  Chionoecetes  Bairdi,"  MARINE  FISHERIES 
REVIEW,  Volume  36,  No.  7  (paper  1074),  July  1974. 

USDI  Bureau  of  Sport  Fish  and  Wildlife  Service,  LOSS  OF  MARINE  LIFE  ON 
PACIFIC  BEACHES  OF  QUINAULT  INDIAN  RESERVATION  AND  ADJOINING  AREAS, 
WASHINGTON— INC IDENTIAL  TO  STRANDING  OF  PETROLEUM  BARGE  AT  MOCLIPS, 

MARCH  11  TO  17,  1964,  Special  Report,  10  April  1964. 

Lindsey,  C.  and  H.  Tegelberg,  RAZOR  CLAM  MORTALITIES  AT  PACIFIC  AND 
COPALIS  BEACHES,  Washington  State  Department  of  Fisheries,  unpublished 
report,  March  1964. 

Morrow,  James,  E. ,  "Oil-Induced  Mortalities  In  Juvenile  Coho  And  Sock- 
eye  Salmon,"  JOURNAL  OF  MARINE  RESEARCH,  Volume  31,  Number  3,  paqes 
135-143,  1  May  1973. 

Morrow,  James  E.,  EFFECTS  OF  CRUDE  OIL  AND  SOME  OF  ITS  COMPONENTS  ON 
YOUNG  COHO  AND  SOCKEYE  SALMON,  Office  of  Research  and  Development, 

U.S.  Environmental  Protection  Agency,  EPA-660/3-73-018,  January  1974. 

Rice,  S.  D. ,  TOXICITY  AND  AVOIDANCE  TESTS  WITH  PRUDHOE  BAY  OIL  AND  PINK 
SALMON  FRY,  i_n;  "American  Petroleum  Institute  ,  Environmental 
Protection  Agency  and  United  States  Coast  Guard,  Proceedings  Of  Joint 
Conference  On  Prevention  And  Control  Of  Oil  Spills,"  pages  667-680, 

1  mo  •  r  j  1 


Arctic  Environmental  Information  and  Data  Center,  THE  BRISTOL  BAY 
ENVIRONMENT— A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  Department 
of  the  Army,  Alaska  District,  Corps  of  Engineers,  February  1974. 

Burns,  John  J.  and  James  E.  Morrow,  ARCTIC  OIL  AND  GAS:  PROBLEMS  AND 
POSSIBILITIES,  Foundation  Francaise  D'Etudes  Nordiques,  Fifth  Interna¬ 
tional  Congress,  Report  No.,  "The  Alaskan  Arctic  Marine  Mammals  And 
Fisheries,"  May  2  thru  5,  1973.  Draft  manuscript. 


4-36 


SECTION  4.  REFERENCES  (CONT'D) 


24. 

25. 


Burns,  John,  Alaska  Department  of  Fish 
communication,  28  August  1974. 


and  Game,  personal 


Burris,  Oliver  E. ,  Alaska  Department  of  Fish  and  Game,  personal 
communication,  28  August  1974. 


26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 


Strachan,  Alex,  "Santa  Barbara  Oil  Spill--Intertidal  And  Subtidal 

Surveys,  RPTS.,  CALIF.  COOP.  OCEANIC  FISH.  INVEST. 3  16:122-124,  1972. 

I*'*1' P®*  G-»  OBSERVATIONS  OF  MACRO  ALGAE  POPULATIONS  IN  THE  OIL-POLLUTED 
SHORES  of  CHEDABUCTO  BAY,  Nova  Scotia  Department  of  Fish,  1970. 

Thomas,  M.  L.  H. ,  "Effects  Of  Bunker  C  Oil  On  Intertidal  And  Lagoonal 
Organisms  In  Chedabucto  Bay,  Nova  Scotia,"  Marine  Ecol.  Lab  or 
J.  FISH.  RES.  BD.  CANADA ,  30  (1 ): 83-90,  1973. 

Bellamy,  D.  J.,  et.  al.,  "Effects  Of  Pollutuion  From  The  Torrey  Canyon 
Un  Littoral  And  Sublittoral  Ecosystems,"  NATURE,  216:  1170-1173,  1967. 

Royal  Commission  on  the  Steam  Tanker  "Arrow",  Ottawa,  Canada,  1971. 

Smith,  J.  E.  (ed.),  TORREY  CANYON,  POLLUTION  AND  MARINE  LIFE,  Mar. 

Biol.  Assn.,  U.K. ,  Cambridge  Univ.  Press,  188  pages,  1968. 

Boney,  A.  D. ,  EXPERIMENTS  WITH  SOME  DETERGENTS  AND  CERTAIN  INTERTIDAL 
ALGAE,  UK  "Carthy,  J.  D.  and  D.  Arthur,  Biol igical  Effects  Of  Oil 
Pollution  On  Littoral  Communities,"  London  Field  Studies  Council, 
pages  55-71,  1968. 

North,  Wheeler  J.,  M.  Neushul  and  K.  Clendenning,  SUCCESSIVE  BIOLOGICAL 
CHANGES  OBSERVED  IN  tdARINE  COVE  EXPOSED  TO  A  LARGE  SPILLAGE  OF  MINERAL 
OILy  1965. 

Nicholson,  Nancy,  The  Santa  Barbara  Oil  Spills  In  Perspective,"  RPTS 
CALIF.  COOP.  OCEANIC  FISH.  INVEST. ,  16:130-149,  1972. 

Foster,  Michael,  "The  Santa  Barbara  Oil  Spill:  Dosage  Of  Crude  Oil  On 
Share  And  Initial  Effects  On  Intertidal  Organisms,"  RPTS.  CALIF.  COOP 
OCEANIC  FISH.  INVEST.,  16:150,  1972. 

Nicholson,  Nancy  L.  and  R.  L.  Climberg,  THE  SANTA  BARBARA  OIL  SPILLS  OF 
1969:  A  POST-SPILL  SURVEY  OF  THE  ROCKY  INTERTIDAL,  in:  "Straughan, 

D  (ed.).  Biological  And  Oceanographical  Survey  Of  The  Santa  Barbara 
Channel  Oil  Spill.  1969-1970,  Vol.  1.,  Biology  and  Bacteriology," 
pages  325-399,  1971. 


4-37 


SECTION  4.  REFERENCES  (CONT'D) 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


On  Problems  O^Oil  Villuti  Jn^And  Cow,ittee 

Disposal ,■  For  Its 

IH  THE  MAE  TEE  ENVimWEtlT^^T ima^tbr  ffPECIS'  °F  01 L  POLLUTION 

Manuscript  Rpt.  m,  1 18  pages  ♦  CnSx Vagus 

™?  LITy0ML 

National  Research  Council,  ARl-8,  iJrc  in*9“ Re9-  Lab., 

fimmlcml  Inf  Earthy  ?  TBE  T"TEKrIDAP- 

oil  Pollution-On  Littoral  Connies  ''  ftSSi  V?l°s,ca'  Effects  »f 
No.  2,  pages  31-37,  1968.  es’  London  Fleld  Studies  Council, 

CAjrnrr  Incident,  f  if  ‘  -carthf'j  *%  C°3TnL  ff™rs  ?oc  to  thePtokeet 

Oil  Pollution  Off  Li ttoral  Communities  ?'l  Lth“r; -B  S,09,ci"  Eff<*« 
2.  pages  39-47,  1968.  tles’  London  Fleld  Studies  Council, 


Of 

No 


EFFECTS  OF  POLLUTION  ON  INSHORE  MRmllr™  ™  ASSESSME NT  OF  THE 
ATTACHED  MACROPHYTES  n‘  "Sr/hJ  T  ECOSYSTEMS  DOMINATED  BY 

Effects  Of  Oil  Pollution  On  11^1  r  ‘  a"d.D-  Arthur*  Biological 
Studies  Council,  N«!  2?  pages  49.5? ,  1eS’"  Lo"d°"  Held 

t?n: A'  ’earthy  andTT'th^  P0LLUTI0N  AND  SHORE 

No!  2^pages^73-8o!tf 96^!  ^0>™U  1  ^’"r  ^^^H^^Stud^e^Councf  1 , 

CALIFORNIA  ROCKY^INTERTI DAL  BEACHES^^EE^AND^p1^1’^  °?  S0UTHERN 
2969  SANTA  BARBARA  OIL  SPILL •  A  p®  SEARS  AFTER  THE 

Conf.  Prevention  and  ContrcfVf 

UTERACENr/ '  'inisTICATlll?:  'of' A  rf *  f  1  a"d  E'  DeNfke' 

COAST,  in:  "Carthy,  J  D  and"DArfhnfD?f  ILL  °N  THE  WASHINGTON 

Oil  Pollution  On  Littoral CommuHt?L  -  B'olo9]cal  Effects  Of 
No.  2,  pages  793-808,  1973.  '  ’  London  Field  Studies  Council, 

J^D^and  D .'  'Ar thur^Bio  1  o'^ca ^Ef f ec t^Of^Oi PolTut^  #  '.'Carth^ 
Communities,"  London  Field’studies  Cou^Jf.fc. P°! 'pages 


4-38 


SECTION  4.  REFERENCES  (CONT'D) 


J*cS?er1n911and  D-  Hood’  CRUDE  0IL  PHYTOTOXICITY  STUDIES , 

Port  vJihp*  »'r  ct-v1*’  S'  anc  Kelly*  Envi>onmental  Studies  of 
Port  Valdez,  Institute  Mar.  Sci.,  Univ.  of  Alaska,  Occas.  Pap.  3, 

Rutzler,  K.  and  W  Sterrer,  "Oil  Pollution  Damage  Observed  In  Tropical 
20^222- 224S  ^9709  ^  Atlantic  Seaborad  0f  Panama,"  BIOSCIENCE, 

O'Sullivan  A  j.  and  A.  J.  Richardson,  "The  Torrey  Canyori'  Disaster 
and  Intertidal  Marine  Life,"  NATURE,  214:448,  541-542,  1967. 

IHE  EFFECTS  of  oil  pollution  on  gas  exchange  in  porphyra 

Ifes  309-f  1  ™gff05gg  T0  AIR>  Proc-  7th  Int-  Seaweed  Symp- 

Clendenning  K.  k.,  THE  EFFECTS  OF  WASTE  DISCHARGES  ON  KELP:  FUEL  OIL 

Inst.  Mar.  Res.,  Univ.  Calif.  San  Diego,  Ref.  59-4,  pages  4-12,  1959. 

M-»M.  Netishu!  and  R.  Zingmark,  "The  Santa  Barbara  Oil  Spill 
?9n7{"tcrt"ia’  M  ™  Organisms," 

United  States  Department  of  the  Interior,  ENVIRONMENTAL  IMPACT  STATF- 

f^Z0SED  TRARS~ALASKA  PIREE™E>  volumes  J-™tocklimbef 

^°wn»  ’  J*  Brown>  R-  P-  Murrmann,  THE  IMPACT  OF  OIL  SPILLS  ON 

ARCTIC  AND  SUBARCTIC  TERRESTRIAL  ECOSYSTEMS — A  LITERATURE  SURVEY 

Aprii  ?970  COld  Re9i0nS  Research  and  Engineering  Laboratory,  14  pages, 

w-  E-  and  F.  Deneke,  PRELIMINARY  INVESTIGATION  OF  PETROLEUM 
HAINES-FAIRBANKS  MILITARY  PIPELINE,  ALASKA,  U.S.  Army, 

CRREL,  Special  Report  170,  23  pages,  April  1972.  3 

^Et*wn»  »  F.  J.  Deneke,  W.  Rickard,  and  L.  L.  Tieszen,  THE 

P^TpnNrcf,J>F-AI!AS^iN  TERRESTRIAL  PLANT  COMMUNITIES  TO  THE  PRESENCE  OF 
PETROLEUM,  in:  Proceedings  Of  The  Symposium  On  The  Impact  Of  Oil 
Resource  Development  On  Northern  Plant  Communities,"  Occasional 

nn?Il«-I°n%°I!1Northern  Life’  No-  Institute  of  Arctic  Biology, 
University  of  Alaska,  pages  34-43,  August  1972. 

™Jin^?^T‘rC,-and  J-  A>  Hellebust’  OIL  SPILLS  AND  VEGETATION  AT 
NORMAL  WELLS,  Environmental-Social  Conmittee,  Northern  Pipelines, 
University  of  Toronto,  NWT  Report  No.  73-43,  129  pages,  January  1974 


4-39 


SECTION  4.  REFERENCES  (CONT'D) 


58.  Mackay,  D.,  M.  E.  Charles,  and  C.  R.  Phillips,  THE  PHYSICAL  ASPECTS  OF 
CRUDE  OIL  spills  on  northern  terrain,  Environmental-Social  Committee, 
Northern  Pipeline,  University  of  Toronto,  Report  No.  73-42,  213  pages, 
January  1974. 

59.  Gebelein,  C.  D.,  SEDIMENTATION  PROCESSES  INVOLVING  HYDROCARBONS  IN  THE 
MARINE  ENVIRONMENT ,  working  paper  for  Ocean  Affairs  Board  Workshop  on 
Inputs,  Fates  And  Effects  Of  Petroleum  in  the  Marine  Environment,  May 
21  thru  25,  1973. 

60.  Campbell,  W.  and  S.  Martin,  "Oil  And  Ice  In  The  Arctic:  Possible 
Large  Scale  Interactions,"  SCIENCE,  181,  1973. 

61.  Ayers,  R.  C.,  H.  0.  Jahns,  and  J.  L.  Glaeser,  "Oil  Spills  In  The 
Arctic  Ocean:  Extent  Of  Spreading  And  Possibility  Of  Large-Scale 
Thermal  Effects,"  SCIENCE,  186,  1974. 

62.  Martin,  S.  and  W.  Campbell,  "Reply  To  Ayers,  Et.  Al.,"  SCIENCE,  186, 
1974. 

63.  Radforth,  J.  R.,  LONG  TERM  EFFECTS  OF  SUMMER  TRAFFIC  BY  TRACKED 

VEHICLES  ON  TUNDRA,  Environmental-Social  Committee,  Northern  Pipelines, 
Task  Force  on  Northern  Oil  Development,  Report  No.  73-22,  ALUR  72-73-13, 
1973. 


4-40 


a 


SECTION  5.  DISPERSION  AND  FATE  OF  OIL  IN  THE  ENVIRONMENT 


The  processes  to  be  considered  when  evaluating  the  eventual  fate  of  an 
oil  spill,  and  hence  the  associated  environmental  impact,  are: 

1.  Initial  spreading  and  subsequent  transport. 

2.  Evaporation  into  the  atmosphere. 

3.  Dissolution  into  the  water  column,  if  a  water  spill. 

4.  Absorption  by  supporting  material,  if  land  or  fast 
ice  spill. 

5.  Emulsification,  if  a  water  spill. 

6.  Auto-oxidation  (chemical  oxidation  and/or  photo¬ 
chemical  reaction). 

7.  Microbial  degradation. 

8.  Sinking  or  sedimentation,  if  a  water  spill. 

9.  Resurfacing,  if  a  water  spill. 

10.  Leaching,  if  land-based  spill. 

Of  these  processes,  the  physical  and  chemical  changes  undergone  by  a  given 
oil  or  oil  product  as  a  result  of  evaporation,  dissolution,  emulsification, 
auto-oxidation,  and  microbial  degradation,  are  collectively  called  "weather¬ 
ing"  or  "aging."  The  remaining  processes  may  be  grouped  under  the  collec¬ 
tive  title  of  "dispersion."  In  this  section,  we  will  discuss  the  current 
state-of-the-art  in  modelling  and  predicting  dispersion  (under  certain  assump¬ 
tions)  and  weathering. 

Two  basic  oil  spreading  situations  can  be  defined: 

1.  Spreading  of  oil  on  water. 

2.  Spreading  of  oil  on  rough  surfaces  such  as  ice  or  land. 


In  each  case,  initial  spreading  is  governed  by  physical  forces  followed  by 
migration  due  to  various  dispersion  mechanisms. 

The  first  step  in  estimating  the  environmental  effects  resulting  from 
postulated  oil  spills  is  to  identify  impacted  locations  and  biota.  This  in 
turn  requires  one  to  predict  oil  spill  dispersion  on  land  and  water  bodies 
(surface  dispersion)  based  on  known  or  estimated  environmental  and  topologi¬ 
cal  conditions.  Computerized  models  of  spill  spreading  and  migration  are 
frequently  used  to  analyze  spills  because  of  the  complexities  introduced  by 
a  multiplicity  of  possible  spill  scenarios,  variations  in  topography,  and 
current  and  wind  patterns.  The  specific  method  of  analysis  will  depend  upon 
the  characteristics  of  the  particular  potential  spill.  The  following 
classification  of  environmental  and  topological  conditions  is  useful  for 
discussing  the  present  state-of-the-art  of  oil  dispersion  modelling: 

1.  Open  water,  moderate  seas,  currents,  and  wind. 

2.  Fast  ice,  with  or  without  leads. 

3.  Terrestrial  spill,  no  snow  or  ice  cover. 

4.  Terrestrial  spill,  snow  and/or  ice  cover. 

5.  Terrestrial  spill,  reaching  flowing  river  or 
stream,  ice-free. 

6.  Moving  pack  or  floe  ice  in  open  seas. 

7.  Open  water,  storm  conditions. 

8.  Open  water,  storm  conditions  and  strong  currents. 

9.  Ice  pack  breakup  under  storm  conditions. 

10.  Terrestrial  spill,  reaching  river  or  stream  dur¬ 
ing  ice  breakup. 


A 
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Almost  all  modelling  efforts  reported  in  the  literature  to  date  have 
concentrated  on  Class  (l)--the  prediction  of  spreading  and  dispersion  of  oil 
slicks  on  open  water  with  moderate  wind  and  current  conditions  prevailing. 
Recently,  proqress  has  been  made  in  modelling  the  spread  of  oil  on  fast  ice, 
with  or  without  open  leads, (2).  The  results  of  these  studies  may  be  appli¬ 
cable  to  various  classes  of  terrestrial  spills  (3),  (4),  with  suitable  modi¬ 
fications,  and,  by  considering  the  modelling  of  oil  flow  in  a  channel,  ex¬ 
tended  to  include  Class  (5).  Class  (6)  may  be  included  in  the  known  results 
of  Class  (1)  by  suitable  modifications  to  account  for  ice  movements. 

No  substantial  theories  are  known  at  this  time  for  the  remaining 
classes  (7)  through  (10),  all  of  which  are  characterized  by  the  possibility 
of  violent  mixing  mechanisms.  The  general  path  of  impacted  water  and/or  ice- 
water  mixtures  ray  be  reasonably  estimated  by  application  of  the  models  dev¬ 
eloped  for  Class  (1);  however,  the  time  history  of  the  pollutant  movement 
can  only  be  estimated  presently.  Furthermore,  determination  of  the  vertical 
mixing  regions  (other  than  what  are  defined  for  simple  vertical  diffusion 
models),  as  well  as  estimation  of  the  amount  of  oil  or  oil  fractions  which 
will  remain  in  underlying  surfaces  (river  teds,  shallow-water  bottomlands, 
shorelines,  etc.),  is  not  possible  within  the  present  state-of-the-art. 

In  addition  to  defininq  the  surface  area  impacted  by  dispersing  oil, 
one  must  also  estimate  the  vertical  movement  of  oil  fractions  and  define 
the  physical  and  chemical  characteristics  of  oil  as  a  function  of  time. 

As  noted  above,  vertical  dispersion  at  the  present  time  is  taken  into  ac¬ 
count  via  a  simple  diffusion  model.  The  change  of  chemical  and  physical 
characteristics  with  time--col lectively  termed  "weatherina"--was  investi- 
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gated  to  a  1  ini  ted  extent;  the  state-of-the-art  of  both  vertical  diffusion 
and  weathering  modelling  is  discussed  in  more  detail  in  Sections  D  and  E. 

A.  PREDICTION  OF  OIL  SLICK  MOTIONS  ON  WATER 

Prediction  of  oil  slick  motions  on  the  surface  of  moderately  quiescent 
water  incorporates  the  calculation  of  oil  slick  spreading  and  subsequent  drift 
motion  as  determined  by  wind,  waves,  and  surface  currents. 

(1)  OIL  SLICK  SPREADING  ANALYSIS 

At  the  present  time,  there  are  two  basic  approaches  to  the  calculation 
of  the  physical  spread  of  oil  on  water.  The  first  is  an  empirical  one,  pro¬ 
posed  by  Blokker  J  based  upon  the  assumption  that  the  spreading  rate  decreases 
exponentially  with  the  reduction  of  slick  thickness. 


kt  = 


”(R3-R.)ow 
3s"w"r  o 


(5-1) 


where 


k  =  the  Blokker  constant 

t  =  spreading  time  in  seconds 

V  =  volume  of  oil  in  the  slick  in  cm} 

o,o  =  the  densities  of  water  and  oil 
w  o 

R,  R.  =  radius  of  the  slick  (R.  the  initial  base  radius) 
in  cm. 


The  underlying  assumption  to  Equation  5-1  is  that  oil  spreads  in  a  uniform 
fashion  forming  ?  circular  patch. 
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An  attenpt  to  experimentally  validate  Equation  5-1  via  specially  dis¬ 
charged  oil  slicks  on  the  open  ocean  is  reported  by  Jeffrey.^  The  results  of 
the  experiments  are  inconclusive,  as  the  Blokker  constant  varied  from  117  to 
360  with  no  apparent  pattern.  Although  the  empirical  relationship  has 
appealing  simplicity,  it  was  considered  to  be  insufficiently  validated  to  be 
used  in  a  spill  dispersion  model. 

The  second  approach,  as  developed  by  Fay  and  Hoult^  and  Fannelop 
5  6 

and  Waldnan,  *  treats  oil  as  a  fluid  of  homogeneous  density,  viscosity, 
and  surface  tension.  These  assumptions  neqlect  the  differential  spreading 
effects  of  components  of  a  particular  crude  or  oil  product.  Some  components 
of  a  particular  oil  will  spread  considerably  faster  than  the  bulk  of  the 
oil;  a  peripheral  flash  of  crude  oil  ncvino  well  ahead  of  the  bulk  has 
been  observed  at  some  oil  spill  incidents;  however,  no  quantitative  measure 
of  this  phenomenon  exists.  The  importance  of  the  differential  spreading 
lies  in  the  creation  of  a  greater  initial  surface  area  for  promotion  of 
evaporation  and  dissolution  in  the  water  column.  At  this  time,  it  is  not 
clear  that  high  volatility,  usually  associated  with  high  toxicity,  also 
correlates  with  high  spreadir.q  coefficients,  hence  further  work  in  this 
area  is  clearly  indicated.  Some  preliminary  work  at  the  University  of 
Toronto^  indicated  that  toluene  does  exhibit  substantially  faster  differen¬ 
tial  spreading  and  will  in  fact  spread  faster  than  the  bulk  of  the  oil,  thus 
facilitating  evaporation. 

The  Fay-Hoult  model  for  the  spread  of  oil  identifies  three  regimes  of 
spreading--inertial ,  viscous,  and  surface  tension--and  develops  rates  of 
spreadinn  for  each  of  these  three  regimes.  Initially,  gravity  is  important 
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due  tc  the  hydrostatic  pressure  of  the  thickness  of  the  oil  slick.  The 
spreading  in  the  initial  stage  is  retarded  primarily  by  inertia.  In  the 
second  regime,  gravity-induced  spreading  is  retarded  by  viscosity  (shear 
stress)  at  the  oil-water  interface.  In  the  last  regime,  oravity  effects  are 
diminished  with  the  decreasinn  slick  thickness,  and  surface-tension  forces 
drive  the  spread,  retarded  by  the  viscous  forces. 

The  boundaries  of  each  regime,  or  equivalently  the  times  of  transition 
from  one  regime  to  another,  are  identified  by  equatinq  actinq  forces.  Since 
the  importance  of  a  particular  effect  decreases  while  another  increases 
slowly,  the  division  into  three  sharply  defined  repines  is  an  approximation 
for  the  convenience  of  analysis.  Thus,  the  calculated  sharp  divisions  in  the 
rate  of  spreading,  as  shown  in  Figure  5-1,  are  a  consequence  of  the  model  and 
will  not  be  observed  physically. 

Because  of  the  differential  spreading  phenomenon  and  the  effects  of 
evaporation  and  dissolution,  establishment  of  precise  spreading  coefficients 
is  a  difficult  task  and  one  must  consider  some  form  of  averaqe  spreading 
coefficients  (as  well  as  viscosity,  etc.)  for  computational  purposes.  Fur¬ 
thermore,  at  the  leading  edge  of  the  oil  slick,  the  oil  and  water  quickly 
becore  mutually  saturated  resultino  in  changes  of  the  interfacial  tension. 

The  constants  of  proportional ity  in  Fay's  force  balance  equations  were 

8  9  6 

analyzed  by  Hoult  and  Suchon,  Lee,  and  Fannelop  and  Waldman.  Fay's  recom¬ 
mended  values  were  adopted  for  this  study.  The  spreadina  equations  are 
shown  in  Table  5-1  for  the  three  regimes  along  with  the  equations  for  transi¬ 
tion  tines  between  the  three  regimes.  Figure  5-1  shows  slick  radial  dimen¬ 
sions  as  a  function  of  time  for  10,000-  and  50,000-bbl  oil  spills. 
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FIGURE  5-1.  SPILL  RADII  VERSUS  TIME  FOR  50.000-BARREL 


SPILL  TIME  -  SECONDS 


TABLE  5-1.  SPREADING  EQUATIONS  FOR  OIL  SLICKS 


I.  Gravity  -  Inertial 
II.  Gravity  -  Viscous 
III.  Surface  Tension  -  Viscous 


r  =  1 .4  (AgVt2 )  ^ 
r  =  1.45  (AgV2t  ^/\>  ^  ^ 

r  =  2.05  (o2t3/p2v)  ^ 


TRANSITION  TIMES 


Reqime  I  — Regime  II 
Regime  II — ►Regime  III 


il2  =  2-617  (V/vAg ) 1/3 
t23  =  0.50  (p/o)(vAgV2) 


volume  of  oi 1  spi lied 

(cm3) 

time  from  spi 1 1 

(seconds) 

density  of  water 

(^1.0  gram/cm3) 

<  -  •oil*'- 

(  0.1) 

qra vi tational  acceleration 

(980  cm/sec2 ) 

kinematic  viscosity  of  water 

( i-  0.01  cm2 /sec) 

spreadinq  coefficient 

(10-40  dyne/cm) 

transition  time  from  Regime 

1  to  II 

(sec) 

transition  time  from  Regime 

II  to  III 

(sec) 

In  addition  to  the  spreading  equations  developed  for  the  three  regimes, 

it  has  been  observed  that  slicks  spread  to  a  finite  size  (or  finite  thickness) 

and  stop,  provided  that  no  disturbances  such  as  water  turbulence  or  current 

and  wind  act  on  the  slick.  The  maximum  area  to  which  the  slick  spreads  is 

3 

dependent  on  the  initial  oil  volume.  Fay  has  reported  an  empirical  dimen¬ 
sional  formula  for  this  maximum  area,  given  as 


A(m2)  =  105[V(mJ)]3/4  (5-2) 

where  A  is  the  final  area  in  square  meters  and  V  is  the  volume  of  oil  spilled 
in  cubic  meters.  This  formula  is  used  by  MSNW  to  calculate  the  limit  of 
spreading. 

3 

Fay  postulated  that  the  cessation  of  spreading  is  brought  about  by 
the  diffusion  of  oil  fractions  into  the  water  layer  under  the  slick, 
increasing  the  water-oil  interfacing  tension.  He  then  postulated  the  result¬ 
ing  equation  for  the  maximum  slick  area  as 


where 


A  =  k 


(  °2v6  ) 

a  V  p2vD3S6 ' 


1/8 


(5-3) 


S  is  the  solubility  of  the  significant  oil  fractions 
0  is  a  diffusion  coefficient 
o  is  the  density  of  water 
v  is  the  kinematic  viscosity  of  water 
o  is  the  spreading  coefficient  or  interfacial  tension 
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L 


and 


k  is  a  constant  of  order  unity 

a 

Equation  5-3  has  the  same  value  as  Equation  5 -2  for  S  =  10'3,  D  =  10'5  cmV 
sec,  o  =10  dyne/cm,  and  k  =  1.  There  is  uncertainty  about  the  value  of  a, 

a 

but  it  is  expected  to  be  from  10  to  40  dyne/cm.  For  a  =  40  dyne/cm,  k  would 

a 

have  to  equal  0.84  for  Equation  5-3  to  give  the  same  results  as  Equation  5-2. 

The  equations  developed  by  Fay  do  not  include  oceanic  turbulence. 
Surface  water  turbulence  was  discussed  by  Waldman,  ec  al.^  They  concluded 
that  turbulence  would  tend  to  dominate  in  the  latter  stages  of  surface-tension 
spread.  Dye-release  experiments  reviewed  by  Waldman,  et  al.,  led  to  an  esti¬ 
mate  of  the  slick  radius  aiven  by 

R  (feet)  =  0.0114  t1,17  (5-4) 

Waldman,  etal.,  questioned  the  applicability  of  dye-release  experiments  to  oil 
spreading  because  the  dye  mixes  freely  with  the  turbulent  surface  water, 
whereas  oil  does  not.  In  addition,  they  pointedout  that  the  loss  of  oil  frac¬ 
tions  with  time  alters  the  remainder  of  the  slick  to  a  tarry  consistency. 

Thus,  turbulence  will  tend  to  break  up  the  slick  into  discrete  blobs  which 
will  move  relative  to  one  another  driven  by  dispersive  forces. 

If  the  spill  occurs  in  Arctic  waters,  then  the  calculation  of  the 
maximum  slick  area  will  change  because  the  surface  tension  phase  of  oil 
spreading  is  absent.  As  a  consequence,  the  terminal  size  of  the  slick  will 
be  less.  It  is  known  from  experimental  observations^  that  spreading  mo¬ 
tion  will  cease  when  the  oil  reaches  a  thickness  of  the  order  of  1  cm;  hence, 
the  maximum  slick  area  is  calculated  simply  from  area  =  volume/thickress. 
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For  a  50,000-bbl  spill,  this  will  give  an  area  of  0.794  km2,  or  a  radius 
of  roughly  0.5  km. 

(2)  OIL  TRANSPORT  OR  DISPERSION  ANALYSIS 

The  basic  phenomena  affecting  movement  of  an  oil  slick  are  currents, 
winds,  and  waves. 

Waves  affect  slick  motion  by  direct  transport  and  by  wind  shadowing. 
Direct  transport  is  a  combination  of  Stokes'  transport  and  induced  stream¬ 
ing.  Stokes'  transport  is  a  phenomenon  related  to  wave  steepness  and  in¬ 
duced  streaming  results  from  the  effect  of  a  contan inated  surface  on 
increasing  momentum  loss  of  incoming  short  waves,  l-'aldman,  et  al.^ 
indicated  that  direct  wave  transport  should  be  less  than  20  percent  of  that 
due  to  wind  and  can,  in  most  cases,  be  neglected.  In  part,  this  effect 
can  be  neglectec  due  tc  the  opposite  effect  of  wind  shadowing. 

Schwartzbera'c  found  that  wave  shadowing  reduced  wind  drift  by  almost 
15  percent  and,  hence,  concluded  that  the  enhancement  in  slick  drift 
caused  by  waves  (Stokes'  transport)  might  be  compensated  for  by  wind 
shadowing.  In  a  recent  report,  Reisbig  explored  the  problem  of  wind- 
wave  coupling  in  more  detail  and  presented  some  experimental  results.  The 
principal  conclusion  was  that  at  low  wind  speeds,  the  wave  drift  was  shown 
to  provide  an  augmentation  to  the  wind  drift,  whereas  at  higher  wind  speeds, 
the  waves  caused  a  net  decrease  in  the  coupled  drift  velocity.  The  cross¬ 
over  between  augmentation  and  wave-induced  diminishment  appeared  to  occur 
at  approximately  80  cm/sec  or  i.5-K  wind  speeds.  Thus,  neglecting  the 
wind-wave  coupling  effects  for  hiqher  wind  speeds  would  be  conservative 
for  the  purposes  of  estimating  maximum  impacted  area  for  any  particular 


FIGURE  5-2.  OIL  SLICK  DRIFT  SCHEMATIC 


V  -  surface  wind  velocity  vector 
i  -  drift  angle 

V  -  surface  wind  drift  vector 
o 

BC( (  -  effective  parallel  current  drift  vector 
C^  -  perpendicular  current  drift  vector 

V  -  effective  current  drift  vector 
c 

S  -  slick  spread  vector  (normal  to  edqe  of  slick) 
0  -  resultant  total  drift  vector 


2 


The  effects  of  wind  and  surface  currents  are  usually  calculated  to 
define  a  slick  motion  drift  vector  as  follows  (see  Finure  5-2). 

Starting  with  the  wind  vector  Vls,  which  is  usually  taken  to  be  the 
surface  wind  velocity  at  10  m  above  the  surface  at  the  point  of  interest, 
the  direction  cf  the  surface  wind  drift  vector  V0  is  established  based  on 

1 5 

general  atmosphere-water  interaction  principles  (Ecknan  -  Pef.  14  in  James  ) 
or  local  site  studies.  The  drift  angle  can  be  related  to  wind  duration  and 
latitude  by  Eckman's  results;  Janes  sunnests  that  for  mid-latitudes  in  the 
Northern  Hemisphere,  the  drift  angle  is  about  20  degrees  to  the  right.  The 


magnitude  of  the  surface  wind  drift  vector  Vo  is  established  by  the  use  of 


the  wind  factor  defined  as 


'.-:f  -  V;/v!C 


(5-5) 


The  values  for  the  wind  factor  have  beer  reported  to  rarae  between  1  to  5 

percent.  i0, 12, 16-19  has  e]ecte(j  USG  a  fact0r  of  3.4  percent,  which 

is  the  average  of  factors  calculated  from  trackinn  seoments  of  the  "Torrey 
1  n  ip 

Canyon"  spill.  *’  The  drift  angle  for  the  distances  and  for  the  latitudes 
of  interest  in  this  study  was  expected  to  be  small  and  hence  will  be  ne¬ 
glected.  Furthermore,  knowledge  of  surface  wind  data  for  the  sites  of 
interest  to  this  study  was  incomplete  ir  many  cases  so  that  wind  had  to  be 
extrapolated  from  nearby  measuring  stations,  resultinn  in  considerable 
uncertainty  ir  the  wind  data  base. 

Surface  currents  cause  direct  transport  of  an  oil  slick.  The  general 
approach  to  total  transport  of  the  slick  has  been  to  suDerimpose  the  contri¬ 
bution  free  currents  and  the  surface  wind  drift  vector.  Laboratory  experi- 
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ments  conducted  by  Schwartzberg  indicated  that  simple  superposition  may  not 
be  valid.  Schwartzberg  noted  a  reduction  in  total  drift  (wind  and  current) 
below  that  predicted  by  superposition,  indicating  coupling  between  current 
and  wind  effects.  The  reduction  observed  for  winds  parallel  or  antiparallel 
to  the  current  amounted  to  44  percent  of  the  current  drift.  No  experiments 
were  conducted  with  the  wind  at  an  angle  to  the  current  due  to  the  limita¬ 
tions  of  exoerimental  apparatus.  Although  some  coupling  from  crosswinds 
affecting  current  drift  is  expected,  with  no  evidence  on  which  to  base  a 
judgment  MSNW  opted  for  direct  superposition  for  currents  perpendicular  to 
the  wind.  For  currents  parallel  to  the  wind,  the  reduction  observed  by 
Schwartzberg1 ^  has  been  adopted. 

The  resultant  total  transport  eguation  is  considered  to  be  given  by 
(see  Figure  5-2): 

D=S+  0.034V  +0.56C. ,+C.  (5-6) 

10  II  i 

where 

!  is  the  portion  of  surface  current  parallel  to  the  wind 
is  the  portion  perpendicular  to  the  wind 
V  is  the  wind  velocity  vector 

S  is  the  spreading  velocity  vector  at  the  edge  of  the 
slick  (taken  as  perpendicular  to  the  boundary  of  the 
si  ick) 

D  is  the  total  resultant  drift  velocity  vector 

(3)  MODELS  FOR  OIL  SLICK  MOTION  PREDICTION 

Models  for  oil  movement  on  water  can  be  generally  categorized  as 
spreading  models,  trajectory  models,  or  transport  models.  Spreading  refers 

5-14 


to  the  thinning  of  the  oil  slick  with  tine;  trajectory  refers  to  the  move- 
rent  of  the  center-of-mass  of  the  slick,  and  transport  refers  to  models  which 
are  concerned  with  the  combined  spreading  and  movement  of  the  oil  slick  or 
portions  of  the  slick. 

Additionally,  models  must  deal  with  leaks  or  instantaneous  spills. 

The  distinction  between  the  two  is  that  leaks  refer  to  oil  discharges  which 
occur  on  a  tire  scale  comparable  to  the  time  of  concern,  and  instantaneous 
spills  refer  to  discharges  which  occur  in  a  short  time  compared  to  the  time 
of  concern. 

Differences  between  existing  models  vary  from  fundamental  differences 
in  the  underlyinc  transport  and  spreading  equations  tc  differences  in  handling 
data  bases  and  presentation  of  output.  Several  models  have  been  computer- 
coded  and  the  coding  is  available  in  the  literature.  *  Table  5-2  is  a 
general  categorization  cf  the  models  encountered  in  the  literature  in  the 
course  of  this  study. 

Several  of  the  models  offer  unique  features  or  interestinq  approaches 

?? 

to  the  modelling  of  oil  movement  on  water,  "urray,  et  a  1 did  not  take 
the  standard  spread  and  trajectory  approach  bee  applied  two-dimensional 
dispersion  theory  analogous  to  the  three-dimensional  treatment  of  air  pol¬ 
lutant  dispersion  in  air  quality  a’ulysis  (e.q.,  Nawrocki,  P.J.,  and  R.  Papa, 
r. ',  New  Jersey:  Prentice-Hall,  Inc.,  1963).  After  devel¬ 
opin';  the  dispersion  equations  applicable,  they  calculated  appropriate  values 
of  the  constants  in  the  equations  by  comparino  calculations  to  observed 
slicks  at  the  Chevron  spill  site.  This  approach  appears  to  have  been  moti¬ 
vated  because  the  spill  was  a  continuous  leak.  In  addition,  they  calculated 
slick  shapes  due  to  the  advection  of  continuously  changing  tidal  currents. 
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Wang  and  Hwang^  have  included  a  feature  in  the  Tetra-Tech  model  for 
oil  movement  in  bays  that  indicates  the  calculated  slick  thickness  on  the 
printer  plot  output.  The  slick  is  displayed  as  a  number  representing  a 
thickness  of  oil  in  10-3  cm  for  the  arid  squares  that  the  oil  occupies. 
Successive  printout  enables  one  to  follow  the  transport  and  thinning  of  the 
slick. 

Stewart,  et  al .  ,^  used  a  random  wind  approach  to  calculate  a  range  of 
trajectories  impacting  on  shoreline.  They  developed  transition  matrices  for 
wind  direction  shifts  based  on  date  for  3-hour  average  winds  at  specific 
sites  of  interest.  They  analyzed  the  probable  shore  impact  of  an  oil  spill 
at  one  site  using  200  computer  runs,  all  of  which  started  from  the  same  spill 
origin  point  and  used  the  same  predominant  wind.  Wind  directions  were  changed 
via  a  standard  first-order  Markov  process.  This  process  produces  a  new  wind 
direction  for  each  3  hours  of  simulated  spill  history  in  line  with  observed 
wind  shift  data.  The  percentage  of  cases  that  slick  trajectories  impact 
each  section  of  beach  was  then  calculated.  One  disadvantage  of  this  model¬ 
ling  approach  is  the  necessity  for  making  numerous  calculation  sequences 
in  order  to  estimate  beach  impact  probability.  This  disadvantaae  is  somewhat 
offset  by  the  fact  that  only  a  single  point  on  the  slick  is  monitored. 

Other  computer  studies  are  listed  in  Table  5-2. 

B.  THE  MSNW  SPREADING  AND  DISPERSION  MODEL 

(1)  GENERAL  DESCRIPTION 

The  MSNW  computer  model  incorporates  the  oil  transport  theories 
derived  in  the  previous  section  and  produces  graphic  outputs  which  clearly 
show  the  movement  of  the  slick  on  a  map  or  chart.  The  emphasis  in  develop- 


5-1  e 


NOTES  -  TABLE  5-2 

OIL  ON  WATER  -  TRANSPORT  AND  SPREADING  MODEL 


MODEL  TYPE  -  This  category  relates  the  fundamental  aim  of  each  model. 

Spread  -  This  type  refers  to  any  model  primarily  concerned 
with  the  dynamics  of  oil  spreading  on  the  water  sur¬ 
face  and  the  forces  causing  the  spreading  motion. 

Movement  of  the  center-of-mass  of  the  oil  is  generally 
ignored. 

Trajectory  -  This  type  refers  to  any  model  which  is  primarily 
concerned  with  the  center-of-mass  movement  of  the  slick. 

Transport  -  This  type  refers  to  any  model  which  is  concerned 
with  movements  of  portions  of  the  oil  slick  due  to  the 
influences  of  wind,  current,  and  spreading  forces. 

OIL  RELEASE  -  This  category  refers  to  the  time  scale  of  oil  discharge. 

Leak  -  Refers  to  situations  where  oil  is  continually  released 
over  a  major  portion  of  the  time  of  concern. 

Instantaneous  -  Refers  to  situations  where  a  quantity  of  oil 
is  released  in  a  period  short  compared  to  the  time  of 
concern. 

TRANSPORT  BASE  -  This  category  refers  to  the  major  forces  which  move 

and  shape  the  oil  slick;  spreading,  wind,  and  current  forces. 

SPREAD  -  This  category  refers  to  the  spreading  forces  used  in  the 


Cajn  Sea  -  This  type  is  characterized  by  the  equations  de¬ 
veloped  by  James  A.  Fay  (Refs.  3  and  4). 

Turbulent  Dispersion  -  This  type  was  developed  by  Murray,  et  al. 
(Ref.  2)  analogous  to  two-dimensional  dispersion  of  air 
pollutants.  After  deriving  the  dispersion  equations  for 
the  Chevron  Spill  study,  values  of  the  constants  in  the 
equations  were  evaluated  by  comparison  to  observed  slicks. 

Tin ck ness  -  This  type  refers  to  the  circular  spread  of  an  oil 
slick  based  on  an  equation  for  the  thickness  of  the  slick 
as  a  function  of  time,  volume  of  oil,  and  oil  specific 
qravity  as  developed  by  Battel le.* 


»°™g  *» 
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NOTES  -  TABLE  5-2 


(CONT'D.) 


5.  WIND  -  This  category  refers  to  wind  force  on  the  oil  slick  and  the 

type  of  wind  used.  All  models  apply  a  factor  to  the  wind 
speed  in  calculating  the  resultant  drift  velocity.  The  factor 
is  generally  recognized  to  be  in  the  range  of  3  to  5  percent. 

Average  -  Refers  to  use  of  the  average  wind  velocity  and 

direction  over  the  time  or  area  of  calculation  concern. 

Variable  -  Refers  to  the  ability  to  program  in  various  wind 
velocity  and  direction  data  for  various  times  or  areas. 

Transitional  -  Refers  to  the  ability  to  let  the  wind  direc- 
tion  (and  velocity)  change  with  time  according  to  ob¬ 
served  tendencies.  For  this,  site  historical  data  must 
be  gathered  and  analyzed  to  yield  the  probabilities  for 
changing  from  a  given  wind  to  another  value. 

The  above  apply  to  both  time  and  areal  considerations,  e.g., 
a  model  can  allow  time  variation  of  wind,  but  this  wind  will 
represent  an  average  value  for  the  area  of  concern. 

6.  CURRENT  -  This  category  refers  to  current  drift  due  to  tidal  currents, 

major  oceanic  eddies,  shore  outflow  from  rivers,  etc. 

Average  -  Refers  to  use  of  average  current  value  over  time 
and  area  of  concern. 

Variable  -  Refers  to  ability  to  modify  current  direction 

and  velocity  for  different  times  and/or  different  areas. 

7.  TOTAL  -  This  category  indicates  the  treatment  of  the  force  components 

in  calculating  the  resultant  total  drift. 

Superposi tic  -  Indicates  those  models  which  separately  sum 
the  effects  of  each  force  component. 

Coupled  -  Indicates  those  models  in  which  wind  and  current 
Tnteract,  and  the  resultant  drift  is  not  simply  the 
vectoral  sum  of  the  two. 

8.  COMPUTERIZED  -  This  category  indicates  those  studies  in  which  the 

spill  model  has  been  put  onto  computer  for  handling  cal¬ 
culations,  etc. 
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ing  this  model  has  been  to  simplify  input  (includinn  ease  of  geooraphic 
representation),  provide  for  realistic  representation  of  winds  and  currents, 
and  provide  easily  interpreted  graphic  output.  The  intention  was  to  develop 
a  computational  framework  that  would  be  compatible  with  future  developments 
in  oil  transport  theory. 

The  model  represents  the  edne  of  the  oil  slick  as  a  many-sided  poly¬ 
gon.  The  number  of  points  involved  is  variable  and  can  channe  with  time  as 
the  complexity  of  the  slick  geometry  changes.  The  points  on  the  slick  edge 

are  acted  on  (moved)  by  the  forces  of  wind,  current,  and  spreading  as  shown 
in  Figure  5-2. 

The  various  tidal  current  regimes,  varying  by  ^cation  in  magnitude 
and  direction,  are  represented  on  the  map  by  four-sided  "Tidal"  polygons. 

The  magnitude  of  the  current  and  the  direction  (ebb  or  flood)  in  each  of 
these  polygons  is,  in  turn,  also  a  function  of  tine.  The  time  variation  of 
the  tidal  currents  may  be  represented  by  a  sinusoid  or  by  actual  tide  curve 
data. 

The  model  tests  each  point  on  the  edge  of  the  oil  slick  and  determines 
which  tidal  polygon  the  point  is  in  at  the  given  time,  computing  the  appro¬ 
priate  drift  vector.  The  slick  may  encompass  several  tidal  polygons  at  any 
given  time,  in  which  case  the  shape  of  the  slick  will  be  distorted  from  the 
circular  shape  caused  by  spreading  forces  alone.  Distortion  of  slicks  occurs 
in  nature  and  is  evident  in  several  of  the  plots  shown  elsewhere  in  this 
report. 

The  effects  of  surface  winds  are  handled  in  the  same  way  as  the  tidal 
currents.  It  was  found,  however,  that  for  the  hypothetical  spill  cases 


a 
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arourd  the  coast  of  Alaska,  there  was  insufficient  data  to  warrant  the  de¬ 
velopment  of  "wind"  polygons.  In  all  cases,  the  wind  was  assumed  to  be 
constant  in  direction  and  magnitude  for  the  duration  of  the  simulation 
(72  hours  maximum).  As  with  the  tidal  polygons,  the  wind  direction  or 
magnitude  may  be  varied  as  a  function  both  of  location  and  time.  The  shore¬ 
lines  are  digitized  from  a  map  or  nautical  chart  and  are  also  represented 
internally  as  many-sided  (over  2,000  in  some  cases)  polygons. 

The  model  "reads"  the  shoreline  data,  the  tide  and  wind  data,  the 
spill  location,  and  the  oil  type  data,  and  computes  movement  of  the  slick 
boundary  in  discrete  variable  t'm.e  steps.  Parameters  such  as  oil  volume 
or  density,  spill  location  (for  moving  sources),  or  wind  direction  may  be 
varied  fcr  each  time  segment.  Any  or  all  iterations  (time  steps)  may  be 
plotted. 

The  coordinates  of  the  points  describing  the  edge  of  the  slick  are 
saved  after  each  iteration  so  that  subsequent  plots  may  be  made  showing 
alternative  iterations,  various  scales,  etc.  In  addition  to  the  plotted 
output,  the  model  produces  a  printed  output  displaying  the  amount  of  spread, 
the  total  slick  area,  the  number  of  points  describing  the  slick  edge,  and 
other  pertinent  information  for  each  iteration. 

Input  may  be  supplied  in  several  types  of  units  (i.e.,  barrels, 
gallons,  tons,  etc.).  Internal  computation  and  output  are  in  metric  units. 

The  proaram  is  written  in  FOPTRAN  for  the  CDC  6000  series  computers 
operating  under  the  SCOPE  3.4  system.  Geographic  input  was  prepared  using 
a  Benson-lehner  digitizer  and  the  plotted  output  was  prepared  using  a 
Cal  Comp  plotter. 
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(2)  THE  POINT  IN  POLYGON  CONCEPT 

As  ray  be  inferred  front  the  foregoing  description,  a  larce  part  of 
the  compute’'-  wcrl  load  is  dedicated  to  tracking  the  edges  of  polygons  end 
testing  to  determine  whether  or  not  a  given  point  is  in  a  particular  poly- 
con.  For  example,  a  point  on  the  edge  of  the  oil  slick  is  tested  to  see  if 
it  is  in  a  civer,  tidal  polygon  in  order  to  determine  the  tidal  current 
vector. 

Sinilarly,  the  same  point  may  be  tested  to  see  if  it  is  within  the 
confines  of  a  polygon  defined  by  the  shoreline;  if  so,  the  slick  has 
beached.  Conversely,  a  point  in  the  shoreline  polygon  may  be  tested  to  see 
if  it  is  within  the  oil  slick  polyoon  so  that  the  point  in  question  may  be 
listed  as  impacted  by  the  oil  (Fiqure  5-3). 

Fortunately,  a  great  deal  of  work  has  been  done  in  the  field  of  poly¬ 
gon  retrieval  of  qeocoded  information  for  use  in  urban  data  analysis.  A  set 
of  very  efficient  algorithms  was  developed  by  Dr.  Helaman  Ferguson^  for  the 
Urban  Tata  Center,  University  o*  Washington,  three  of  which  were  used  exten¬ 
sively  ir  this  model  (see  subroutines  CAUCH,  CART,  and  AREA). 

Figure  5-4  illustrates  the  basic  logic  behind  the  subroutines.  A 
point  which  is  known  to  be  outside  the  polygon  in  question  is  connected  by 
a  vector  to  the  point  to  be  tested.  If  this  vector  crosses  the  sides  of  the 
pol/gor  an  odd  number  of  times,  the  point  is  in  the  polyoon.  If  it  crosses 
an  even  number  of  times,  the  point  is  outside  the  polygon. 

(3)  GRAPHIC  INPUT  AND  OUTPUT 

The  shoreline  data  are  generated  by  means  of  a  digitizer.  This  de¬ 
vice  generates  x  and  y  coordinates,  from  some  arbitrary  origin,  when  a 
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cursor  Is  moved  over  the  face  of  a  map  or  chart.  A  digitizer  may  be  thought 
of  as  having  the  reverse  function  of  a  plotter. 

In  addition  to  generating  the  x  and  y  coordinates  for  any  point  on  a 
map,  the  digitizer  has  a  keyboard  on  which  additional  data  may  be  entered 
and  associated  with  the  point.  These  data  are  then  written  directly  onto  a 

computer  tape.  Digitizing  Is  a  very  rapid  means  of  coding  this  type  of  data, 

each  site  taking  less  than  one  hour  to  encode. 

Each  shoreline  point  was  coded  as  to  physical  type  (i.e.,  rock, 
cobble-gravel,  sand,  mud).  This  allowed  the  computation  of  the  amounts  of 
shoreline  by  type  at  each  site  (Figure  5-5)  and  plots  showing  the  shoreline 
types  (Figure  5-6). 

In  addition,  the  10-fathom  (60  ft)  depth  contour  was  digitized  and  is 
presented  as  a  dotted  line  on  the  plots.  In  some  cases,  the  tidal  polygons 
were  also  digitized. 

All  of  the  digitizing  was  done  from  U.S.  Geological  Survey  Quad  maps 
at  a  scale  of  1:250,000.  The  scale  (size)  of  the  output  Is  variable  and  can 

range  from  full-size  overlays  to  the  8.5  x  11  plots  seen  in  this  report 

(Figure  5-7). 

The  graphic  output  from  the  model  was  produced  on  a  Cal  Comp  936  drum 
plotter  which  allows  plots  up  to  34  in.  in  width.  The  plotter  receives 
x  and  y  coordinates  from  a  computer  tape  and  moves  an  Ink  pen  to  the 
requested  location.  The  resolution  of  this  machine  Is  2  mils  (0.002  in.). 

At  the  option  of  the  user,  the  model  will  plot  the  geographic 
features  with  the  tidal  polygons  overlayed  on  them  (Figure  5-8).  This 
provides  a  ready  means  for  error  detection. 
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FIGURE  5-8.  COMPUTER  PLOT  OF  TIDAL  POLYGONS 
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During  a  production  run,  the  model  plots  the  site  map  and  the  spill 
origin.  The  simulated  time  increments  are  variable  (one-hour  increments  were 
used  in  nearly  all  cases)  as  is  the  choice  cf  which  increments  will  be 
plotted.  For  clarity,  it  was  found  best  to  plot  only  every  third  or  sixth 
hour  (i.e.,  at  tidal  extremes). 

In  any  case,  the  coordinates  of  the  points  defining  the  slick  edge 
are  saved  on  an  auxiliary  disk  file  at  the  end  of  each  iteration  so  that 
auxiliary  plots  may  be  made  at  a  later  time  without  having  to  repeat  the 
computations.  These  auxiliary  plots  may  be  at  a  different  scale  and  show 
different  iterations  than  the  original. 


(4)  MODEL  ORGANIZATION 

The  model  is  organized  as  a  main  program  with  11  subroutines  as 
follows: 


SLICK 

GEOPLOT 

SPREAD 

TIDAL 

VECTOR 

DRIFT 


The  main  program  handles  all  input  and  output 
and  controls  slick  behavior  as  described  in  de¬ 
tail  below. 

Reads  the  geographic  data  from  the  digitizer 
tape  and  plots  the  site  geography. 

Determines  the  spread  regime  and  computes  the 
magnitude  of  the  spread  vector. 

Determines  the  tidal  polygon  affecting  a  given 
point  on  the  slick  edge,  determines  the  condi¬ 
tion  of  ebb  or  flood,  and  computes  the  tidal 
current  vector. 

Converts  an  angle  into  unit  vectors. 

Combines  the  effects  of  windand  tide  and  inte¬ 
grates  over  time  to  produce  the  resultant  drift 
vector. 
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AREA 

CART 

CAUCH 

INTER 

QUAD 

AUXPLOT 


Computes  the  area  of  an  N-sided  polygon. 

Determines  if  a  point  is  interior  to  a  given 
rectangle. 

Determines  if  a  point  is  interior  to  an  N-sided 
polygon. 

Determines  the  intersection  of  two  vectors. 
Determines  the  quadrant  that  a  point  is  in. 
Makes  auxiliary  plots  of  a  given  model  run. 


The  main  program  is  functionally  organized  as  follows: 


a.  Read  Headings 

b.  Read  Program  Control  Card 

1  Size  of  time  increment. 

Total  time  limit. 

3.  Original  map  scale. 

4.  Initial  number  of  points  to  define  slick. 

5.  Size  factor  for  output  plots. 

c.  Read  Physical  Properties  Card 

1.  Coordinates  of  spill  location. 

2.  Volume  of  spill. 

J.  Initial  density  of  oil. 

4.  Kinematic  viscosity  of  water. 

5.  Density  of  water. 

6.  Interfacial  tension  (spreading  coefficient). 

d.  Print  Headings 

e.  Print  Physical  Properties 

f.  Read  and  Print  Tidal  Data 

g.  Read  and  Print  Wind  Data 

h.  Initialize  Time  Dependent  Variables 

i.  Initialize  Position  Dependent  Variables 

j.  Read  Geographic  Data  File 
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k.  Plot  Site  Geography 

l.  Compute  Transition  Times  for  the  Spread  Regimes 

m.  Compute  Spread  Magnitude 

n.  Compute  Current  Vector 

o.  Compute  Wind  Vector 

p.  Compute  Drift  Vector 

q.  Find  Unit  Vector  Normal  to  the  Slick  Edge  at 
Each  Point 

r.  Compute  Coordinates  of  New  Location  for  Each  Point 

s.  Test  for  and  Eliminate  Anomolies  (l.e. ,  Loops)  In 
the  Slick  Edge. 

t.  Test  for  Shoreline  Interaction. 

u.  Plot  the  New  Slick  Location. 

v.  Increment  Time  Dependent  Variables 

w.  Stop  if  Time  Limit  Is  Reached 

x.  Return  to  Step  m. 

The  major  submodels  are  described  in  more  detail  In  the  following  sections. 
(5)  TIDE  SUBMODEL 

Tidal  current  patterns  In  coastal  waters  can  be  very  complex, and  very 
little  detailed  data  are  available  for  the  coast  of  Alaska.  It  Is  recognized 
that  even  the  well  detailed  tidal  current  charts  which  are  available  for 
areas  such  as  Puget  Sound cannot  show  all  of  the  subtleties  of  back-eddies 
and  tide  rips. 

For  the  most  part,  the  tidal  current  data  for  this  study  were  taken 
from  the  available  tidal  current  tables^  and  the  COAST  PILOT supplemented 
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with  sone  local  knowledge.  Since  detailed  information  was  scant,  it  was 
decided  to  establish  a  standard  (default)  tidal  field  with  magnitude  and 
direction  for  each  site  and  then  allow  exceptions  to  this  condition  as 
knowledge  and  geometry  dictated. 

The  range  of  the  tidal  currents  (ebb  and  flood)  may  be  predicted  and 
categorized  for  general  areas  as  diurnal,  semi-diurnal,  or  mixed,  depending 
on  the  number  of  tidal  cycles  per  lunar  day  (24-3/4  hours).  Most  areas  have 
either  a  semi-diurnal  or  mixed  tidal  cycle  which  can  be  fitted  very  closely 
by  a  sine  wave  of  proper  amplitude  and  period  during  some  phases  of  its 
progression. 

Since  all  of  the  spills  in  this  study  are  hypothetical  and  not  fixed 
as  to  a  particular  point  In  time,  the  simplifying  assumption  was  made  that 
for  the  relatively  short  time  period  of  each  simulation  (less  than  72  hours), 
a  sine  wave  with  a  6-hour  period  could  be  used  to  model  the  tidal  cycle 
(Figure  5-9). 

The  further  assumption  was  made  that  the  spill  would  occur  at  slack 
before  ebb  on  the  opinion  that  a  tanker  would  probably  get  under  way  on  a 
favorable  tide.  The  model  was  designed  so  that  the  starting  time  of  the 
tidal  cycle  could  be  offset  to  any  point  In  time. 

For  the  open  sea  conditions  (such  as  Offshore  Prudhoe  Bay)  where 
there  is  no  discernible  ebb  and  flood,  the  tidal  current  submodel  Is 
modified  so  that  the  currents  are  a  function  of  wind  direction,  taking  Into 
account  the  corlolls  effect. 

The  default  tidal  field  for  each  site  was  developed  using  data  for 
the  maximum  flood  and  ebb  so  that  the  magnitude  of  the  tidal  current  vector 
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FIGURE  5-9.  IDEALIZED  TIDAL  CURRENT  CURVE 


at  any  given  time  could  be  determined  by  multiplying  the  maximum  current 
speed  times  the  value  of  the  sine  function  at  the  particular  point  in  time. 

The  magnitudes  of  the  tidal  current  exceptions  were  developed  as  a 
function  of  the  speed  of  the  default  condition.  Figure  5-10  shows  the  model 
listings  of  the  tidal  data  for  the  Drift  River  site.  The  line  marked 
DEFAULT  gives  the  direction  and  magnitude  of  the  mid-channel  tidal  current 
for  both  flood  and  ebb.  The  tidal  polygons,  each  with  a  direction  and  a 
magnitude  referenced  to  the  default  value  by  the  factor  shown,  are  listed 
below  this  line. 

As  an  example  of  how  the  submodel  works,  assume  that  a  point  on  the 
edge  of  the  oil  slick  is  found  to  be  in  the  5th  tidal  polygon,  eight  hours 
after  the  spill  took  place.  Referring  to  Figure  5-9  and  converting  hours 
to  radians,  the  value  of  the  sine  function  is  found  to  be: 


SIN 


8  hours  x  g 


Radians  1  „  _  „  866 
Hour 

m 


The  negative  value  indicates  that  the  tide  is  flooding.  The  direction  of 
the  flood  tide  for  the  5th  polygon  is  Z5°  azimuth  (from  Figure  5-10).  The 
magnitude  of  the  current  is  computed  by  taking  the  magnitude  of  the  default 
flood  current  (2.15  knots)  times  the  factor  for  polygon  5  (1.767)  times  the 
absolute  value  of  the  sine  function  (0.866),  or 


(2. 15)(1 . 767) (0.866)  =  3.29  knots 

This  value  (in  cm/sec)  is  then  converted  into  a  tidal  current  vector  which 
contributes  to  the  motion  of  the  point  as  in  Figure  5-2  . 
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The  model  was  refined  to  accept  an  actual  tide  curve  in  tabular 
form  so  that  the  effects  of  diurnal  inequalities  could  be  included.  However, 
this  feature  was  not  used  in  this  study. 

(6)  WIND  SUBMODEL 

"The  wind  goeth  toward  the  South,  and  turneth  about 
unto  the  North;  it  whirleth  about  continually,  and 
the  wind  returneth  again  according  to  his  circuits." 

(Ecclesiastes  1 :6) 

Little  more  than  this  is  known  about  the  topical  details  of  surface 
wind  patterns  as  they  may  affect  an  oil  slick.  This  is  especially  true  in 
the  fjord-like  bays  in  Alaska,  due  both  to  the  complexities  involved  and  to 
lack  of  observation. 

Wind  velocity  (direction  and  magnitude)  may  be  treated  as  a  function 
of  location  and  time  as  were  the  tidal  currents  described  previously.  Since 

the  wind  does  not  ebb  and  flood  in  a  predictable  way,  the  changes  in  velocity 

24 

can  be  entered  empirically  or  they  may  be  treated  statistically. 

While  a  wind  subroutine  analogous  to  the  tide  subroutine  (TIDAL)  may 
easily  be  inserted  in  this  model,  it  was  felt  that  the  effort  was  not  war¬ 
ranted  owing  to  the  lack  of  detailed  wind  information.  All  of  the  simulations 
in  this  report  are  for  less  than  72  hours  and,in  all  cases,  the  wind  velocity 
was  held  constant  over  this  period  of  time. 

(7)  SPREAD  SUBMODEL 

The  magnitude  of  the  spread  vector  is  computed  by  the  subroutine 
SPREAD  which  uses  the  equations  shown  in  Table  5-1.  The  direction  of  the 
spread  vector  is  always  outward,  normal  to  the  slick  edge. 
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This  vector  was  computed  by  connecting  every  other  point  on  the 
slick  edge  with  a  vector  in  the  clockwise  direction  and  then  rotating  this 
vector  90°  counterclockwise  and  applying  it  (reduced  to  a  unit  vector)  to  the 
point  in  between  (see  Fid«  e  5-11).  This  unit  vector,  when  multiplied  by  the 
spread  magnitude,  resulted  in  the  proper  spreading  vector. 

Under  some  circumstances,  this  method  will  result  in  a  loop  in  the 
slick  edge  which  must  be  eliminated  before  proceeding  to  the  next  time  step- 
Occasionally,  due  to  tidal  action,  the  slick  will  assume  a  shape  with  a  con¬ 
cave  edge.  If  this  concave  angle  becomes  sharp  ('v  90°),  it  is  possible  for 
two  adjacent  vectors  to  cross,  resulting  in  a  minute  loop  (Figure  5-12). 

This  loop,  unfortunately,  will  continue  to  grow  in  successive  itera¬ 
tions  and  is  not  representative  of  real  slick  action.  Other  loops  (both 
interior  and  exterior  to  the  slick  polygon)  may  be  formed  if  one  side  of  the 
slick  crosses  another  due  to  tidal  action.  This  can  occur,  for  example,  If 
the  leading  edge  of  the  slick  enters  an  area  of  slow  tidal  current  while  the 
trailing  edge  is  still  in  a  faster  current.  A  considerable  amount  of  logic 
in  the  main  program  is  expended  to  detect  and  correct  this  situation. 

(8)  DRIFT  SUBMODEL 

The  drift  subprogram  takes  the  wind  and  current  vectors,  computes  the 
current  vector  components  parallel  and  perpendicular  to  the  wind  vector,  and 
combines  them  as  described  in  Figure  5-2.  This  subroutine  also  performs  the 
necessary  temporal  integrations  to  produce  a  drift  vector  which  may  in  turn 
be  added  to  the  spread  vector  to  define  the  movement  of  each  point  on  the 
slick  edge. 


5-38 


*  — '*s*».t.«'"  •  *  ■?j»'7v1<w  r  «;1S| 


POINT  M  +  1 


POINT  M  -  1 


I 

POINT  N 


/ 

POINT  N  +  1 


METHOD: 

Alternate  points  are  connected  by  vectors  in  the  clockwise  direction. 
These  vectors  are  then  rotated  90°  in  the  counter-clockwise  direction 
to  determine  the  direction  of  a  unit  vector  normal  to  the  slick  edge 
at  the  In-between  point.  The  number  of  points  on  the  slick  edge 
have  been  greatly  reduced  here  for  clarity. 


FIGURE  5-11.  DETERMINATION  OF  SPREAD  VECTOR  DIRECTION 
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NUMBER  OF  POINTS  IN  SLICK  EDGE  REDUCED  FOR  CLARITY 
FIGURE  5-12.  PROPAGATION  OF  LOOPS  IN  THE  SLICK  EDGE 
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C.  SPREADING  AND  DISPERSION  OF  OIL  ON  ICE  AND  LAND 

Spreading  of  oil  on  a  rough  (solid)  surface  such  as  land  or  ice  is 
governed  by  the  following  factors: 

1.  oil  properties  and  composition 

2.  temperature  of  the  oil  and  the  supporting  surface 

3.  wind  velocity 

4.  the  slope,  roughness,  and  porocity  of  the  solid  surface 

The  principal  determinants  of  the  terminal  oil  pool  of  any  given  volume  spill 
will  be  the  viscosity  (reflecting  the  Influences  of  oil  composition,  tempera¬ 
ture,  and  weathering  effects)  and  the  roughness  and  porosity  characteristics 
of  the  supporting  surface  as  well  as  its  slope.  From  both  experimental  and 
theoretical  considerations,  It  can  be  concluded  that.  In  general,  the  terminal 
area  of  a  given  volume  spill  on  land  or  Ice  will  be  orders  of  magnltute 
smaller  than  on  water.  For  example,  Hoult^  calculated  that  a  spill  of 
Torrey  Canyon  magnitude  (1.13  x  105  m3)  will  be  contained  on  0.7  to  2.6  km2 
of  ice  in  comparison  with  the  estimated  780  km2  of  open  water  Involved  in  the 
actual  spill.  Similarly,  results  from  experiments  on  various  snow,  ice,  and 
land  surfaces  by  Mackay,  et  al.^  Indicated  limited  areal  Involvement. 

The  key  factor  then.  In  defining  the  Impact  of  a  spill  on  Ice  or  land. 
Is  the  extent  to  which  the  oil  will  be  transported  by  various  dispersion 
mechanisms,  both  short  and  long  term.  In  the  case  of  ice,  one  must  consider 
the  additional  problem  of  spills  under  the  Ice  surface  and  the  subsequent 
time  history  of  oil  migrations  vertically  in  the  ice  pack  due  to  various 
mechanisms.  Horizontal  dispersion  and  transport  mechanisms  In  the  case  of 
ice  are  defined  by  ice  pack  dynamics  and  general  current  circulation 
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pattern.  For  land-based  spills,  transport  mechanisms  to  be  considered  are 
meltwater  runoff  and  possible  avalanche  or  slide  transport. 

(1)  SPREADING  OF  OIL  ON  AND  UNDER  ICE 

When  considering  the  spreading  of  oil  on  the  ice  surface,  two  aspects 

are  of  interest--the  spreading  rate  and  the  terminal  oil  pool  size.  Both 

aspects  have  been  investigated  theoretically  and  experimentally  and  the 

principal  features  of  the  process  are  well  understood.  An  excellent  suitmary 
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of  the  results  to  date  Is  given  by  Hoult;  the  main  conclusions  will  be 
briefly  reviewed  here. 

Experimental  results  from  test  spills  conducted  in  the  Arctic  were 
reported  by  Glaeser  and  Vance, ^  Glaeser,3^  and  McMinn. 33,34  A  theory  of 
spreading  on  a  smooth  surface  was  developed  by  McMinn33,34  based  on  the 
assumption  that  only  gravity  and  inertia  forces  are  significant  in  deter¬ 
mining  the  spreading  rate.  They  derived  the  spill  radius  as  a  function  of 
time  as 

r  =  0.756  (gQ)1/4t3/4  (5-7) 

where  g  is  gravitational  acceleration,  Q  the  average  flow  rate,  and  t  time. 
This  equation  is  compared  to  the  experimental  results  in  Figure  5-13  (taken 
from  McMinn33);  the  data,  however,  are  represented  fairly  well  by  the 
empirical  relation 

r  =  1.3  (Q3g)°*1t1/2  (5-8) 

Thus,  it  can  be  seen  that  agreement  of  theoretical  spreading  rate  and  experi¬ 
mentally  determined  spreading  rate  is  poor.  One  can  conclude,  however,  that 
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FIGURE  5- *3.  SPREADING  RATE  -  WINTER  ICE. 
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the  assumption  of  only  gravity  and  inertia  forces  acting  is  valid,  since  the 
data  do  not  exhibit  a  break  in  the  slope.  These  results  are  to  be  expected 
since  the  influences  of  the  sui face  characteristics  (roughness,  porosity, 
etc.)  have  not  been  accounted  for  in  the  theory.  From. a  practical  standpoint, 
accurate  knowledge  of  the  spreading  rate  is  not  important  since,  in  all 
likelihood,  in  any  given  spill  incident  the  oil  will  have  spread  to  terminal 
areas  before  any  response  action  can  be  initiated. 

The  terminal  oil  pool  area  is  determined  primarily  by  the  roughness 
characteristics  of  the  supporting  surface  and,  to  some  extent,  by  the  porosity 
of  the  surface.  Whereas  all  authors  are  in  agreement  on  the  fact  that  sur¬ 
face  roughness,  as  defined  by  pocket  size  and  distribution,  is  the  principal 
determinant  of  pool  size,  some  disagreement  concerning  the  effects  of  porosity 
exists.  Glaeser  and  Vance11  reported  that  in  spreading  experiments  (conduc¬ 
ted  during  the  Arctic  Summer)  of  diesel  and  crude  oils  over  a  porous  ice  sur¬ 
face  (consisting  of  a  2-in.  thick  layer  of  recrystallized  ice),  absorption  by 
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the  surface  layer  of  up  to  25  percent  of  its  volume  in  oil  occurred.  McMinn 

reported  (for  Arctic  Winter  experiments)  minimal  (2mm)  penetration  when  warm 

(56°)  oil  is  poured  on  the  snow  surface  (+5°F  to  -15°F).  On  the  other  hand, 

2  35 

Mackay,  et  al .  and  Ramseier  reported  fairly  extensive  penetration.  From 

analysis  of  the  reported  observations,  one  can  conclude  that  the  amount  of 

penetration  to  be  expected  will  depend  on  various  physical  parameters  of  the 

snow/ice  surface,  such  as  porosity,  brine  channels,  crystal  structure,  etc., 

as  well  as  the  temperatures  of  oil  and  the  snow/ice  surface. 

Assuming  that  limited  absorption  occurs,  one  can  then  use  the  theory 
31 

of  Hoult  to  define  the  terminal  pool  size  for  any  given  volume  spill. 
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The  formula  for  the  average  area,  <  Smgx  >  covered  by  a  spill  of  known 
volume  V  over  (or  under)  ice  is 


where  r  is  the  horizontal  length  of  the  average  ice  pocket  and  Vmp,  the  aver¬ 
age  of  the  pocket,  is  given  by 


(5-10) 


1  /2  11 

where  an  '  is  the  roughness  height.  Hoult  gave  the  following  estimates 
of  <Smax>  for  three  sets  of  T  and  for  a  spill  volume  of  89,000  bbls 


(5  x  105  ft3) 


TABLE  5-3. 

SPREAD  AREA  AS  A  FUNCTION  OF  ROUGHNESS  AND  LENGTH  OF  ICE  POCKET 


r 

0  n 

<  S  > 

max 

115  ft 

2.295  ft2 

7.20  x 

10s 

ft 

200  ft 

1.016  ft: 

1.24  x 

106 

ft 

540  ft 

0.202  't2 

2.78  x 

106 

ft 

For  a  50,000-bbl  spill,  using  the  values  of  Hoult,  one  finds  the  area  to  be 
between  4.04  x  105  ft2  and  1.561  x  106  ft2  (3.75  x  104  meters2  and  1.45  x 
10s  meters2).  Assuming  a  roughly  circular  spill,  these  values  correspond  to 
spill  radii  of  109  m  to  214  m.  Thus,  one  may  calculate  the  areal  coverage 
of  a  given  volume  spill,  but,  for  accuracy,  one  must  have  a  good  knowledge 
of  the  surface  roughness  distribution  in  the  specific  area  of  the  spill. 

At  the  present  time,  extensive  efforts  are  underway  to  characterize  the 
statistical  aspects  of  sea  ice  roughness  using  laser  profilometers; 
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however,  extraction  of  data  for  a  specific  location  is  extremely  difficult. 
Since  detailed  knowledge  of  ice  roughness  characteristics  at  a  specific  spill 
site  is  not  likely,  one  must  crudely  bound  the  likely  impacted  area  and  then 
verify  actual  areal  coverage  from  inspection.  For  bounding  purposes,  one  may 
assume  a  circular  bounding  radius  of  0.5  km  around  the  spill  source,  with 
reasonable  expectation  that  the  oil  will  be  within  this  circle  if.  no  substan¬ 
tial  ice  pack  deformation  has  taken  place  since  the  time  of  the  spill.  For 
long-term  impact  studies,  one  only  needs  to  define  the  outer  limits  of  any 
postulated  spill  and  then  attempt  to  trace  the  migration  of  the  contaminated 
materials. 

Finally,  we  note  that  contradictory  evidence  exists  concerning  the  rate 

and  extent  of  evaporation  of  oil  under  Arctic  conditions  and  the  implications 

on  weathering.  The  data  of  McMinn33  and  Glaeser  and  Vance11  indicate 

01  1  *1 

substantial  aging  under  both  Winter  and  Summer"  conditions,  with  slower 
aging  under  Winter  conditions.  The  primary  determinants  of  aging  are  wind, 
temperature,  and  presence  or  absence  of  snow  cover.  That  these  conclusions 
do  not  hold  true  for  aTJ_  possible  spill  situations  is  indicated  by  the 
observation  of  Ramseler,  et  al.,36  who  investigated  an  accidental  spill  of 
diesel  and  gasoline  at  Deception  Bay,  Hudson  Strait.  Ten  days  after  the 
spill,  they  found  substantial  amounts  of  diesel  oil;  chromatographic  analysis 
of  clean  diesel,  all  of  which  had  been  exposed  several  days  in  an  open  pool, 
showed  only  a  loss  of  about  2  to  4  percent  of  the  lightest  fractions.  It  is 
hypothesized  that  the  evaporation  is  governed  by  energy  balance  considera¬ 
tions  in  the  air,  oil,  and  ice  or  snow  system.  The  vapor  pressure  of  most 
components  of  diesel  oil  is  of  the  same  order  of  magnitude  or  less  than  that 
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of  ice  and  water  at  0°C.  If  the  temperature  differentials  are  low,  natural 
evaporation  will  be  limited.  Furthermore,  as  the  oil  is  warmed  by  solar 
radiation,  a  temperature  differential  at  the  oil  and  ice/snow  interface  is 
established  and  heat  transfer  into  the  ice  will  take  place.  As  long  as  the 
transfer  of  energy  into  the  oil  equals  the  loss  of  energy  to  the  ice,  very 
little  evaporation  of  the  oil  will  occur.  At  temperatures  close  to  the 
melting  point,  the  underlying  ice  will  melt  with  little  evaporation  of  the 
overlying  oil. 

The  spread  of  an  oil  spill  under  a  stationary  ice  field  has  been 
investigated  by  Hoult.^  From  both  a  statistical  stud>  and  a  laboratory 
simulation,  it  was  found  that  the  extent  of  an  oil  spill  under  a  stationary 
field  of  pack  ice  would  be  limited  to  a  small  area  compared  with  the  size 
of  the  same  spill  in  open  water.  From  Hoult's31  table,  (reproduced  on  page 
5-45asTable  5-3),  a  50,000-bbl  spill  would  cover  an  area  of  about  10'1  km2, 
using  roughnesses  characteristic  of  coastal  ice  (i.e.,  assumed  to  have  rough¬ 
ness  height  about  seven  times  greater  than  surface  roughness.  This  estimate 
of  sub-surface  roughness  is  substantiated  by  the  unpublished  data  gathered 
by  the  Applied  Physics  Laboratory,  University  of  Washington,  Seattle, 

Robert  Francois,  personal  communication). 

(2)  TRANSPORT  AND  DISPERSION  OF  OIL  IN  ICE-INFESTED  WATERS 

From  the  above  discussion,  it  is  clear  that  to  estimate  the  ultimate 
fate  of  oil  in  ice-infested  waters  and  hence  to  assess  the  possible  environ¬ 
mental  impacts,  a  knowledge  of  (possible)  transport  and  dispersion  mechanisms 
is  far  more  important  than  knowledge  of  the  initial  spreading  mechanisms. 

The  transport  and  dispersion  mechanisms  fall  in  three  basic  problem  areas: 
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1.  The  interaction  of  an  oil  spill  with  the  dynamic 
pack  Ice,  by  which  we  mean  that  the  ice  is  both 
advected  and  being  subjected  to  stresses  from  wind 
and  currents,  so  that  pressure  ridges,  rubble 
fields,  and  leads  may  form. 

2.  The  small-scale  absorption  and  entrapment  of  oil 
by  sea  ice. 

3.  The  transport  of  suspended  oil  particles  by  general 
motions  of  water  masses. 

Extensive  work  on  defining  the  dynamics  of  Arctic  pack  ice  is  currently 
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under  way  within  the  AIDJEX  program,  the  results  of  which  will  be  of  use 
for  fate  of  oil  determination  studies.  The  small-scale  absorption  and  entrap¬ 
ment  of  oil  by  sea  ice  is  presently  under  investigation  by  the  Canadian 
Beaufort  Sea  Project.88  In  addition,  work  bearing  on  the  ice  dynamics 
question  has  been  proposed  under  the  Arctic  Offshore  Program  and  the  Bering 
Sea  Ice  Dynamics  project.  What  is  known  about  each  of  the  three  categories 
of  problems  is  summarized  below. 

(a)  THE  INTERACTION  OF  OIL  SPILLS  WITH  THE  DYNAMIC  PACK  ICE 
Except  in  enclosed  bays  and  protected  shores,  pack  ice  responds  to 
wind  and  current  stresses  by  moving  and  changing  its  shape.  This  ice  motion 
and  deformation  will  greatly  complicate  both  any  predictions  of  the  areal  ex¬ 
tent  of  a  spill  and  any  cleanup. 

Campbell  and  Martin,8?  Ayers,  et  al.,^?  and  Martin  and  Campbell4^ 
suggested  that  the  pack  ice  motion  would  interact  with  the  spilled  oil  in 
several  ways. 

ADVECTION  OF  THE  OILED  ICE 

Any  oil  entrained  by  the  sea  ice  would  be  advected  with  the  moving 

pack  ice.  For  example,  during  a  1970  Summer  oil  spill  study  by  the  Coast 
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Guard  off  Point  Barrow,  Alaska,  Glaeser  and  Vance^  reported  an  eastward 
dri^t  of  their  test  floe.  During  the  one-week  period  of  the  test,  between 
July  23rd  through  30th,  the  floe  moved  about  100  miles.  Obviously,  any 
predictions  of  the  spread  of  an  oil  spill  in  moving  coastal  pack  ice  depends 
on  an  initial  understanding  and  prediction  of  the  pack  ice  motion  alone. 

Assuming  that  an  oil  spill  occurs  somewhere  along  the  continental 
shelf  of  the  Beaufort  Sea,  it  is  very  probable  that  the  oil  would  enter  the 
Beaufort  Sea  Gyre,  a  cyclonic  clockwise-circulation  pattern  of  ice  with  drift 
speeds  between  2.2  to  9.5  km  per  day,  hence  the  circulation  period  is  of  the 
order  of  7  to  10  years.  Any  oil  on  or  under  the  ice  pack  will  disperse  in 
the  pack  through  the  growth  mechanisms  of  sea  ice;  i.e.,  the  upward  flux  of 

ice  caused  by  alternate  melting  at  the  surface  and  freezing  on  the  bottom. 

The  freezing  and  thawing  cycles  would  be  affected  by  the  presence  of  oil. 
Furthermore,  oil  which  arrives  at  the  surface  of  the  ice  may  be  transported 
horizontally  on  a  melt  layer  of  water  to  depressions  in  the  ice  (or  open  leads) 
where  it  will  commence  to  sink  into  the  ice  as  a  result  of  radiation  heating 
of  the  oil  and  consequent  (accelerated)  sub-oil  melting  of  the  ice.  Even 
without  alterations  to  the  freeze-thaw  cycle,  oil  under  the  surface  can  be 
expected  to  surface  in  four  years,  the  equilibrium  age  of  Arctic  pack  ice. 

PUMPING  OF  OIL  WITHIN  THE  LEADS 

Campbell  and  Martin^  stated  that  families  of  leads  regularly  open  and 
close  within  the  ice  pack.  If  oil  fills  these  leads,  then  the  lead  closure 
may  pump  the  oil  out  of  one  set  of  leads  into  another  set  at  a  different 
orientation. 
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INCORPORATION  OF  OIL  WITHIN  PRESSURE  RIDGES 

A  more  important  mechanism  for  the  interaction  of  oil  and  leads  is  the 
capture  and  transport  of  oil  by  pressure  ridges.  When  leads  close,  any  newly 
formed  ice  within  the  lead  is  crushed  together  to  form  a  pressure  ridge. 
Parmerter  and  Coon^  described  this  process  as  follows: 


As  a  lead  closes,  the  ice  growth  within  the  lead  is  pushed 
both  above  and  below  the  older  surrounding  pack  ice.  When 
either  the  excess  weight  of  the  ice  above  or  buoyancy  of 
the  ice  below  exceeds  the  breaking  moment  of  the  older  pack 
ice,  the  older  ice  breaks  into  rubble  which  is  also  pushed 
above  or  below  the  pack  ice.  The  process  continues  to  form 
pressure  ridges  which  can  reach  heights  of  5  m  and  depths  of 
40  m. 


Obviously,  any  oil  within  the  lead,  whether  or  not  it  is  incorporated 
within  the  new  ice  growth,  will  be  bound  up  in  the  pressure  ridge  where  it 
may  or  may  not  flow  out  into  either  the  ice  surface  or  under  surface. 

If,  as  Martin  and  Campbell^  suggested,  the  oil  remains  bound  up  in 
the  pressure  ridge,  then  it  will  be  nearly  inaccessible  for  cleanup.  Also, 
as  the  keel  and  ridge  ablate,  the  oil  will  be  slowly  released  into  both  the 
sea  water  and  onto  the  surface.  If  the  pressure  ridge  is  also  advected  with  a 
moving  ice  field,  the  ridqe  could  serve  as  an  oil  source  over  a  large  area 
for  a  period  of  several  years.  More  research  in  this  area  is  urgently  needed. 


(b)  TRANSPORT  OF  OIL  BY  CURRENTS 

In  two  recent  Arctic  oil  spills,  small  oil  particles  with  a  typical 
diameter  of  10  microns  have  been  observed  to  a  depth  of  50  m.  For  the 
Chedabucto  Bay  spill  of  bunker  C  oil,  c?rr«ster^  estimated  that  1  percent 
of  the  oil  spilled  was  mixed  into  the  water  .olumn;  for  the  Deception  Bay 
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spill  of  Arctic  diesel,  Ramseier,  et  al.,  estimated  that  10  percent  of  the 
spilled  oil  was  mixed  into  the  water.  Bell's**  observations  of  a  deliberate 
spill  at  Resolute  Bay,  N.W.T.,  showed  that  when  Norman  Wells  crude  oil  is 
released  beneath  the  ice  surface  from  a  hose,  the  surface  tension  breaks  the 
oil  plume  into  many  small  droplets.  Such  droplets  will  very  likely  form  in 
any  well  blowout  or  underwater  pipeline  break,  and  their  subsequent  trans¬ 
port  by  currents  may  be  a  major  spreading  mechanism. 

On  a  large  scale,  MSNW  noted  that  any  oil  particles  entrapped  In  the 
water  column  (either  during  a  Summer  or  Winter  spill)  in  the  eastern  Bering 
Sea  or  major  eastern  Bering  Sea  sounds,  would  migrate  to  the  Chukchi  Sea 
and  eventually  to  the  Beaufort  Sea  gyre.  It  is  well  established  (Coachman, 
et  al.,*5  and  Mountain*®  )  that  the  ultimate  destination  of  Alaska  coastal 
Bering  Sea  water  is  in  the  Beaufort  Sea.  If  the  spill  occurs  during  periods 
of  ice  formation  or  at  a  time  the  Bering  ice  pack  Is  well -developed,  the 
situation  is  somewhat  different.  Recent  studies  during  the  joint  U.S.-USSR 
Bering  Sea  experiment  (BESEX)  (results  of  the  U.S.  contribution  to  the  joint 
U.S.-USSR  Bering  Sea  Experiment.  Report  X-910-74-141  May  1974,  revised 
June  1974,  Goddard  Space  Flight  Center,  Greenbelt,  Md.)  of  ice  and  Ice  pack 
movement  in  the  Bering  Sea  indicated  that  the  (loose,  very  mobile)  pack  moves 
with  the  predominant  wind  at  3  percent  of  wind  velocity  and  generally  exhibits 
the  20  to  40  degree  Coriolis  deviation  to  the  right  of  the  wind  vector. 

Since  the  dominant  winds  in  the  Bering  Sea  area  during  the  Winter  tend  to 
move  the  pack  in  a  southerly  direction,  one  would  expect  the  oil  to  migrate 
toward  the  pack  edge  and  there  it  may  become  entrapped  In  the  water  column  or 
be  dispersed  laterally  along  the  pack  edge.  The  pack  edge  dynamics  are  very 
complex  and  not  clearly  understood  at  this  time. 
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(c)  TRANSPORT  OF  OIL  BY  WIND 

In  areas  where  there  are  possibilities  of  strong  winds  over  the  ice 
pack,  or  shore-fast  ice,  oil  droplets  may  be  distributed  over  a  large  surface 
area.  Observations  at  Deception  Bay36  indicated  that  wind-transported  oil 
droplets  would  form  small  melt  potholes  of  a  few  centimeters  in  diameter 
scattered  over  the  ice  surface  due  to  preferential  melting  of  ice  under  the 
deposited  oil  droplets.  This  mechanism  must  also  be  considered  when  esti¬ 
mating  the  total  surface  area  potentially  impacted  by  oil  on  the  ice  pack. 

(d)  SMALL-SCALE  ABSORPTION  OF  OIL  BY  SEA  ICE 

The  experiments  on  the  direct  entrainment  of  oil  by  sea  ice  divide  in¬ 
to  at  least  two  categories: 

1.  Entrainment  by  first-year  growing  sea  ice. 

2.  Entrainment  by  first-year  melting  se1  ice. 

Presently  there  is  no  information  on  oil  entrainment  by  multi-year  ice.  Fur¬ 
ther,  there  is  more  experimental  evidence  concerning  Part  1  above  than  Part  2. 

ENTRAINMENT  BY  FIRST-YEAR  GROWING  SEA  ICE 

There  are  two  laboratory  and  field  studies  related  to  the  entrainment 
of  oil  by  first-year  ice.  In  the  laboratory,  Wolfe  and  Hoult^  (summarized 
by  Hoult31)  studied  the  entrainment  of  2-cm  layer  of  oil  injected  under  about 
15  cm  of  ice.  From  their  results,  they  showed  that  the  ice  trapped  the  oil 
in  the  following  ways: 
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1.  A  sheet  of  ice  grew  beneath  the  oil  layer,  thus  trapping 
the  oil  inside  of  the  ice. 

2.  About  1  percent  of  the  oil  flowed  up  into  skeletal  layer, 
or  bottom  1  to  2  cm,  of  the  ice  above  the  oil  layer. 

3.  A  still  smaller  fraction  of  the  oil  flowed  up  into  the 
bottom  5  cm  of  the  ice  through  what  are  probably  brine 
channels  (which  Wolfe  and  Hoult  called  "air  pockets"). 

Wolfe  and  Hoult  also  reported  that  the  oil  tended  to  "stick"  to  the 
sea  ice;  they  are  thus  far  the  only  observers  to  report  this  sticking. 

Finally,  they  showed  that  because  the  thermal  conductivity  of  oil  is  about 
1/16  that  of  sea  ice,  the  oil  layer  serves  as  an  insulating  layer  which  is 
sandwiched  between  the  sea  ice  and  the  sea  water.  The  effect  of  this  insu¬ 
lating  layer  is  to  reduce  the  ice  growth  beneath  the  oil  layer. 

In  the  field,  R.F.  Brown^8  is  presently  performing  a  series  of  40-bbl 
controlled  oil  spill  experiments  at  Cape  Parry,  N.W.T.,  for  the  Beaufort  Sea 
Project.  The  spills  are  conducted  inside  of  circular  booms  with  a  30-m 
diameter  in  which  40  barrels  give  an  average  slick  thickness  of  1  cm.  The 
ice  within  the  booms  is  instrumented  with  thermistor  chains,  and  the  oil 
release  is  observed  with  an  underwater  television  camera.  Before  release, 
the  oil  is  heated  to  the  water  temperature. 

As  of  this  writing,  Brown  has  completed  five  spills--using  both 
Norman  Wells  crude  oil  with  a  pour  point  of  -70°C  and  Swan  Hills  crude  oil 
with  a  pour  point  of  -10°C.  The  spills  thus  far  consist  of  one  open-water 
spill  with  Norman  Wells  crude;  three  spills  with  Norman  Wells  crude  under  ice 

of  approximate  thickness  of  40,  50,  and  60  cm,  and  a  Swan  Hills  crude  oil 
spill  under  60  cm  of  ice.  At  the  present  time,  at  least  three  more  spills  are 
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planned;  one  at  the  end  of  January,  one  on  May  1st,  and  one  during  the  ice 
breakup. 


PROPERTIES  OF  THE  OIL 

In  the  open-water  spill,  ice  grew  under  the  oil  and  snow  infiltrated 

the  oil  from  above;  with  the  oil-snow  mixture  formed  a  dirt-like  substance 
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similar  to  that  reported  by  McMinn  and  Getman,  which  could  be  cleared  away 
with  shovels. 

The  underwater  spills  were  released  from  a  hose  under  the  ice.  Using 
the  camera  system.  Brown  observed  the  oil  to  collect  in  pools  under  the  ice. 
apparently  caused  by  the  small-scale  undulations  in  the  bottom  surface  so  that 
the  areal  coverage  of  the  spill  was  50  to  75  percent  of  the  area  enclosed  by 
the  boom.  Outside  of  the  large  pools  of  oil,  Brown  observed  small  droplets 
or  thin  lines  of  oil  with  a  scale  of  order  1  to  10  cm.  The  particle  shape 
varied  greatly  with  the  different  spills. 

For  the  Norman  Wells  spill  under  50  cm  of  ice,  where  the  oil  was  re¬ 
leased  from  a  pipe  at  a  depth  of  1.7  m  below  the  ice-water  interface,  the  oil 
outside  of  the  pools  formed  irregularly  shaped  droplets.  For  the  Norman  Wells 
spill  under  60  cm  of  ice,  which  was  released  from  5-m  depth,  the  oil  away 
from  the  pools  formed  into  a  lacework  which  consisted  of  thin  lines  of  oil 
connected  together  at  different  angles.  Finally,  for  the  Swan  Hills  spill 
under  60  cm  of  ice,  globular  particles  formed  away  from  the  pools,  where  the 
particle  size  decreased  from  a  2-cm  diameter  next  to  the  pools  to  the  1-mm 
resolution  limit  of  the  television  camera  as  distance  from  the  pools  in¬ 
creased. 
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For  the  first  three  spills.  Brown  also  reported  on  the  weathering, 
thermal  behavior,  and  physical  behavior  of  the  spills.  First,  results  from 
a  gas  chromatograph  analysis  showed  a  statistically  significant  weathering  of 
the  higher  fractions  of  the  Norman  Wells  spill  on  the  open  water;  however, 
the  oil  in  the  underwater  pools  showed  no  significant  weathering  after  48 
days. 

Second,  the  coring  observations  from  the  spill  under  40  cm  of  ice 
showed  that  the  first  5  cm  of  ice  above  the  oil  spill  were  5  percent  oil;  for 
this  spill,  about  2  urn  of  oil  were  absorbed  per-unit-area.  These  cores  also 
showed  some  flow  of  oil  up  into  the  brine  channels  to  a  height  of  15  cm  above 
the  oil  interface.  Except  for  the  oil  entrained  within  the  ice  and  a  slight 
coating  on  the  outside  from  the  coring,  no  oil  was  observed  to  "stick"  to  the 
ice,  thus  contradicting  HoultV  observations.  Below  the  oil  layer,  the  ice 
grew  in  a  curious  1 -cm- thick  freshwater  cap  before  resuming  its  normal  sea 
ice  appearance.  At  this  time,  no  explanation  of  this  phenomenon  is  available, 
since  the  freshwater  ice  cap  (or  at  least  very  low  salinity  Ice  exhibiting 
crystal  growth  structure  characteristic  of  fresh  water)  was  observed  in  a  few 
isolated  cores. 

The  thermistor  chains  showed  that  the  temperature  gradient  across  the 
oil  layer  was  about  14  times  the  gradient  in  the  ice;  a  fact  consistent  with 
the  observation  that  the  oil  conductivity  is  about  1/16  that  of  sea  ice.  This 
oil  layer  was  also  observed  to  reduce  the  total  heat  flux  through  the  ice. 

Finally,  the  effect  of  the  new  ice  growth  beneath  the  oil  pool  was  to 
squeeze  the  oil  layer  and  thereby  increase  its  internal  pressure  so  that  when, 
in  one  case,  a  SIPRE  core  hole  was  drilled  into  the  layer,  oil  gushed  up  around 
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the  corer  to  a  height  of  40  cm.  Thus,  the  pressure  buildup  in  the  trapped 
oil  may  either  cause  or  contribute  to  rupturing  of  the  ice  which  contains  it. 


ENTRAINMENT  BY  FIRST-YEAR  MELTING  SEA  ICE 

W.  L.  Bel  1 carried  out  a  small-scale  "oil-under  ice"  experiment  in 
connection  with  the  ARCTIC  IV  project  at  Resolute  Bay,  N.W.T.,  during  May 
1974.  Specifically,  Bell  did  a  qualitative  photographic  study  of  the  spread 
of  approximately  60  gallons  of  Norman  Wells  crude  oil  spilled  under  180  cm  of 
ice  on  April  25,  1974.  The  oil  was  pumped  under  the  ice  using  a  gasoline 
handpump  and  observed  by  divers  equipped  with  rebreather  units. 

His  photographs  show  that  immediately  after  leaving  the  release  hose, 
the  oil  broke  into  small  droplets  which  then  spread  under  the  ice,  collecting 
into  two  big  pools  of  approximate  diameter  5  m  and  average  thickness  2  cm, 
and  numerous  small  drops.  The  drop  size  ranged  from  10  to  1,000  microns,  and 
the  small  bubbles  under  the  ice  were  as  big  as  2  to  3  cm  across  and  5  to  10  mm 
thick.  Bell  observed  the  small  droplets  under  the  ice  to  move  with  the 
very  weak  tidal  current.  Approximately  10  cm  of  new  ice  growth  occurred  un¬ 
der  the  oil  layer  before  the  ice  began  to  melt. 

On  May  28th,  32  days  after  the  spill,  Bell  observed  oil  spots  on  the 
ice  surface  which  had  been  shoveled  clear  of  snow.  His  photographs  suggest 
that  the  spots  had  a  separation  of  10  to  20  cm  on  a  grid-like  spacing.  Within 
one  day,  these  spots  produced  small  melt  ponds  of  water.  Cores  taken  through 
the  ice  showed  that  the  oil  had  moved  up  to  the  surface  in  the  brine  channels; 
further,  the  cores  contained  a  large  unmeasured  amount  of  oil.  To  a  height 
of  10  cm  above  the  spill  interface,  the  cores  were  totally  saturated;  above 
this  height,  the  oil  filled  the  brine  channels. 
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There  also  was  some  evidence  of  crystal  platelet  growth  through  the 
oil  layer,  both  from  direct  observations  at  the  bottor  of  the  cores  and  in 
that  the  flow  of  oil  up  any  single-core  hole  was  slight.  Under  the  ice, 

there  was  direct  evidence  of  brine  flow  through  the  oil  layer--in  the  form  of 
two  ice  stalactites  growing  beneath  the  new  ice  growth.  The  brine  flow 
through  the  oil  layer  may  have  provided  the  water  for  the  crystal  growth  in 
the  oil. 

Finally,  gas  chromatographs  of  the  trapped  oil  showed  no  significant 
weathering  over  the  32  days;  however,  biological  samples  placed  in  cages  about 
3  ft  below  the  spill  hose  were  all  killed,  apparently  by  the  dissolved 
aromatics  in  the  sea  water. 

(3)  SPREADING,  DISPERSION, AND  TRANSPORT  OF  OIL  ON  LAND 

Although  there  have  undoubtedly  been  numerous  accidental  spills  on 
Arctic  terrain  in  association  with  the  exploratory  drilling  activity  on  the 
North  Slope,  very  little  quantified  information  is  available  in  the  litera¬ 
ture.  The  only  systematic  study  at  the  present  time  appears  to  be  that  of 
Mackay,  et  al.,7  under  the  sponsorship  of  the  Canadian  Arctic  Land  Use  Re¬ 
search  Program.  Some  information  may  be  gained  from  study  of  the  accidental 
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spill  at  Deception  Bay  reported  by  Ramseier,  et  al. 

In  considering  flow  of  oil  onto  land,  it  is  convenient  to  consider 
three  basic  situations: 

1.  Oil  spilled  under  Summer  conditions  when  the  ground 
is  free  of  Ice  and/or  snow  cover, and  the  spill  does 
not  enter  a  flowing  stream  or  river. 

2.  Oil  spilled  under  Winter  conditions  with  snow  and  ice. 

3.  011  spilled  under  Summer  conditions, and  the  spill 
enters  a  flowing  water  system. 
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Under  Summer  conditions,  the  ground  will  usually  be  wet  with  surface 
runoff  water.  Oil  will  contaminate  ground  vegetation  directly  and  will  be 
absorbed  by  the  ground  cover.  The  flow  characteristics  will  depend  primarily 
on  viscosity  and  the  slope  of  the  land.  Mackay,  et  al.^  developed  simple 
expressions  to  estimate  the  oil  film  thickness  as  a  function  of  viscosity, 
flow  rate  and  slope  for  uniform,  steady-state  flow  on  inclined  surfaces. 

Their  charts  (Figures  5-14  and  5-15)  may  be  used  to  calculate  approximate 
contaminated  areas.  For  example,  the  area  contaminated  by  a  50,000-bbl 
spill  in  1  hour  can  be  estimated  to  contaminate  an  area  of  3.34  x  105  m2  for 
a  flow  width  of  about  61  m.  The  charts  of  Figures  5-14  and  5-15  can  be  used 
for  many  different  postulated  terrain  conditions  to  gain  some  feeling  for 
the  potentially  contaminated  area;  however,  because  of  the  simplifying 
assumptions  involved  in  generating  the  charts,  the  results  should  be  used  as 
a  guide  only.  Channelization,  nature  of  the  qround  (its  absorption  capacity, 

roughness,  etc.),  and  presence  or  absence  of  flowing  water,  all  can  drastically 
influence  the  actual  flow  of  the  oil  and  should  be  considered  from  detailed 
topological  information  at  the  time  of  a  specific  spill.  No  general  theory 
will  adequately  account  for  all  the  possible  variables;  however,  simple  cal¬ 
culations  will  yield  the  gross  features  of  any  specific  spill. 

The  experimental  data  of  Mackay,  et  a  1./ does  show  the  importance  of 
considering  subsurface  contamination  not  revealed  by  visible  oil  in  areas 
where  moss  or  dense  surface  vegetation  exists.  Physical  probing  in  areas 
dictated  by  the  topography  should  be  used  to  define  the  contaminated  area 
which  will  be  considerably  larger  than  indicated  by  surface  oil. 

The  effects  of  oil  spills  on  the  integrity  of  the  underlying  perma¬ 
frost  are  not  known  at  this  time  and  clearly  warrant  careful,  long-term  study. 
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FILM  THICKNESS 


VISCOSITY  v  (cp) 

FIGURE  5-14.  OIL  FILM  THICKNESS  AS  A  FUNCTION  OF  VISCOSITY  FLOWRATE  AND  SLOPE 


SOURCE:  Mackay,  D.,  M.E.  Charles,  and  C.  R.  Phillips,  THE  PHYSICAL  ASPECTS  OF 
CRUDE  OIL  SPILLS  ON  NORTHERN  TERRAIN ,  Northern  Pipelines  Task  Force 
On  Northern  Oil  Development,  Report  No.  73-42,  January  1974. 
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Q/W  (Bbl/hr  ft) 

FIGURE  5-15.  OIL  FILM  VELOCITY  AS  A  FUNCTION  OF  VISCOSITY  FLOWRATE  AND  SLOPE 


SOURCE:  Mackay,  D.,  M.  E.  Charles,  and  C.  R.  Phillips,  THE  PHYSICAL  ASPECT 

OE  CRUDE  OIL  spills  ON  northern  TERRAIN,  Northern  Pipelines  Task  Force 
On  Northern  Oil  Development,  Report  No.  73-42,  Janauary  1974. 
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No  significant  changes  in  albedo  are  to  be  expected  in  Summer  spills,  hence 
no  changes  in  absorbed  radiation  energy  should  occur.  Formation  of  overlying 
pools  does  affect  the  drying  out  of  the  supporting  surface. 

If  the  oil  spill  occurs  duri  g  Spring  thaw  or  periods  of  heavy  water 
runoff,  one  must  consider  the  migration  of  the  oil  with  the  water.  Any  oil 
entering  flowing  streams  or  rivers  will  be  carried  a  considerable  distance 
from  the  original  spill  site  and  impact  large  areas.  The  extent  and  nature 
of  downstream  contamination  will  be  determined  hy  the  river  flow  rate  and 
turbulence.  Turbulence  will,  in  general,  promote  formation  of  oil-in-water  or 
water-in-oil  emulsions  which  are  considerably  more  stable  than  the  oil  itself 
with  regard  to  dispersion.  The  flowing  water  will  deposit  oil  and  oil-con¬ 
taminated  debris  in  the  natural  settling  areas  for  the  given  river  such  as 
log  jams,  shallow  bars,  and  settling  pools  below  rapids.  Bordering  delta 
areas  such  as  marshes,  etc.,  will  receive  contamination;  the  fate  of  the  oil 
in  such  environments  is  discussed  in  Part  E. 

Several  new  factors  must  be  considered  for  a  Winter  spill.  The  be¬ 
havior  of  oil,  hot  or  cold,  when  spilled  on  ice  or  snow  has  already  been  dis¬ 
cussed  to  some  extent  in  Part  C-l  above.  In  addition,  for  land-based  spills, 
the  influence  of  the  slope  must  be  considered  in  defining  the  contaminated 
areas.  Oil  may  flow  under  a  snow  and/or  ice  cover  for  considerable  distances 
with  intact  snow/ice  bridges,  or,  if  the  oil  stream  is  sufficiently  wide, 
these  bridges  will  collapse  on  the  oil--  forming  snow-oil  emulsions  (mulch). 
The  extent  of  oil  penetration  into  frozen  ground  is  considerably  less  than 
for  thawed  ground. 

Additional  transport  with  attendant  mixing  may  occur  as  a  result  of 
slides.  As  indicated  by  the  accident  at  Deception  Bay,^  consideration  of 
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avalanche  theory  would  indicate  (see  Figure  5-16  taken  from  Ref.  50).  Only 

slush  runs  are  to  be  expected  for  slopes  less  than  15°.  Yet,  since  slush 
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avalanches  may  originate  on  slopes  as  small  as  2°  as  a  result  of  in¬ 
tensive  Spring  thawing,  they  must  be  considered  a  factor  in  oil  spill  trans¬ 
port  and  may  be  a  factor  in  pipeline  failures  in  Arctic  and  sub-Arctic  environ¬ 
ment. 

0.  VERTICAL  DISPERSION  OF  OIL  IN  WATER 

The  principal  physical  mechanisms  for  the  vertical  dispersion  of  oil 
in  the  water  column  are  diffusion,  wave-induced  vertical  orbital  motion, 
physical  effolding  by  breaking  waves,  and  sedimentation.  Of  these  processes, 
diffusion  and  sedimentation  are  the  best  understood,  at  least  in  principle, 
with  very  little  known  about  the  mechanisms  of  vertical  dispersion  of  surface 
pollutants,  such  as  oil,  due  to  orbital  motion  and  wave  effolding.  Sedimenta¬ 
tion  is  discussed  in  detail  in  Part  E-l-d;  diffusion  is  reviewed  below. 

The  most  complete  attempt  to  mathematically  model  diffusion  reported 
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in  the  literature  is  by  Lassieter,  et  al.,  who  formulated  a  simple  model 
based  on  the  classical  diffusion  equation.  The  air-oil-water  system  is 
modelled  as  a  five  layer  one-dimensional  system  consisting  of  a  turbulent 
air  layer,  laminar  air  boundary  layer,  oil  (slick)  layer,  laminar  water 
boundary  layer,  and  turbulent  water  layer.  In  each  of  these  layers,  the  con¬ 
centration  of  any  particular  compound  of  interest  is  governed  by  the  classi¬ 
cal  diffusion  equation  subject  to  mass  continuity  and  concentration  balance 
equations  across  each  interface.  The  system  of  equations  is  coded  as  a  set 
of  finite  difference  equations  for  numerical  computations. 

With  the  use  of  the  numerical  model,  the  diffusion  process  for 
benzene  and  naphthalene  is  studied  under  various  postulated  conditions 
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nevjRc  5-16.  TYPICAL  VARIATIONS  OF  SLIDE  ACTIVITY  WITH  SLOPE  ANGLE. 


SOURCE: 


U .  S .  "opartment  o'  Apr i culture,  'in::'.  A  iu 1.7, ’wv 

•••  ■’■iX’A.il'L’J'i  c<k vv.wl  mfawmx.  Forest  Service,  Agricultut 

Handbook  No.  194,  1961 . 


Assunptions  are  required  for  the  thicknesses  of  the  five  layers,  the  diffu- 
sivities  in  each  layer,  the  solubility  ratios  between  oil  and  water  and  oil 
and  air,  and  the  evaporation  (absorption)  rates  controlling  transport  across 
the  outermost  boundaries  of  the  system.  Their  conclusions  drawn  from  the 
numerical  experiments  may  be  sumnarized  as  follows: 


1.  Using  best-guess  values  for  the  physical  parameters, 
it  is  concluded  that  for  a  0.1 -cm  thick  slick,  90 
percent  of  benzene  will  leave  the  slick  in  three 
hours  and  94  percent  in  six  hours,  with  the  bulk  of 
the  benzene  going  into  the  atmosphere.  Concentra¬ 
tions  of  1  ppm  of  benzene  to  depths  of  3  to  4  meters 
under  the  slick  can  be  generated  for  approximately 
12  hours.  The  results  are  sensitive  to  slick  thick¬ 
ness  and  to  duration  of  slick  residence  over  a  given 
column. 

2.  Naphthalene  diffuses  into  the  water  column  to  a  much 
lesser  degree  than  benzene,  remaining  in  the  slick  for 
prolonged  periods  of  time.  For  this  compound,  sedi¬ 
mentation  and  other  physical  mechanisms  are  more  im¬ 
portant  than  diffusion  for  vertical  dispersion  In  the 
water  column. 

3.  The  results  of  the  study  indicate  that  migration  of 
benzene  from  oil  to  water  to  air  depends  strongly  on 
the  slick  thickness  and  the  thickness  of  the  boundary 
layer  beneath  the  slick. 


From  analysis  of  these  theoretical  results,  one  concludes  that  much 

further  study  of  the  physical  variables  Involved  in  the  system  Is  necessary 

before  more  definitive  conclusions  concerning  the  diffusion  process  can  be 

drawn.  However,  one  does  derive  a  lower  bound  to  water  column  contamination 

of  the  order  of  5  m  or  less  due  to  the  process  of  diffusion. 

Field  studies  during  the  Chedabucto  Bay  spill  incident  report  oil  par- 
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tide  distributions  In  the  water  column  to  depths  of  50  m  .  In 
addition,  Blumer^  observed  naphthalene  In  6  m  of  water,  whereas  the 
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calculations  of  Lassiter,  et  al.,show  maximum  naphthalene  diffusion  depths 
of  less  than  2  m.  Thus,  one  concludes  that  in  all  but  quiescent  waters, 
other  physical  dispersion  mechanisms  are  probably  of  far  greater  importance 
than  diffusion.  Unfortunately,  other  than  sedimentation,  very  little  is 
known  about  these  processes  at  this  time. 

E.  WEATHERING  OF  OIL 

The  weathering  or  aging  of  oil  in  the  environment  is  governed  by  three 
types  of  processes:  (1)  physical  processes  such  as  evaporation,  dissolution, 
emulsification,  absorption;  (2)  chemical  processes  such  as  direct  oxidation 
and  reduction  reactions  in  the  water  column,  and  (3)  biological  processes 
such  as  aerobic  and  anaerobic  microbial  degradation.  Of  these,  physical 
processes  altering  viscosity,  density,  volatility,  etc.,  are  of  major  impor¬ 
tance  inmediately  after  the  spill,  whereas  chemical  and  biological  processes, 
which  change  the  percent  content  of  saturated  hydrocarbons,  aromatic  hydro¬ 
carbons,  polar  nitrogen,  sulfur,  oxygen  (NSO)  compounds,  etc..  Influence  the 
characteristics  of  the  oil  over  a  long  period  of  time.  The  latter  are, 
in  all  likelihood,  the  final  determinants  of  the  eventual  fate  of  the  spilled 
oil. 

To  estimate  the  effects  of  all  weathering  processes,  the  initial  com¬ 
position  of  the  spilled  crude  or  oil  product  is  of  primary  importance.  Un¬ 
fortunately,  the  chemical  composition  of  crude  oils  is  quite  complex  and 
varies  greatly  among  oils  of  different  geologic  and  geographic  origin,  as, 
well  as  being  Influenced  by  processing,  if  any,  prior  to  transshipment  via 
tanker  or  pipeline.  Thus,  to  evaluate  a  specific  hypothetical  pollution 
incident,  it  is  necessary  to  obtain  the  properties  of  the  material  which  may 
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be  involved  in  the  spill.  The  ranges  of  known  values  for  crude  oil  (Koons^) 


are  indicated  as  follows: 


1.  Specific  gravity,  as  a  function  of  temperature 
(0.700  to  1.000). 

2.  Viscosity,  as  a  function  of  temperature  (0.6  to 
1,000  centipoise). 

3.  Surface  tension  (20  to  37  dynes/cm). 

4.  Pour  temperature  (-65°F  to  +65°F). 

Also,  a  rough  indication  of  the  chemical  composition  of  the  crude  to 
be  produced  and/or  transshipped  should  be  known  according  to  (a)  molecular 
size,  and  (b)  molecular  type.  For  example,  Koon  defined  "average"  proper¬ 
ties  of  crude  by  molecular  size  as  follows  (carbon  number  range  shown  in 
parenthesis):  gasoline  (C5  -  C10)  30%,  kerosene  (C10  -  C12)  10%,  light  dis¬ 
tillate  oil  (C12  -  C20)  15%,  heavy  distillate  oil  (C20  -  C40)  25%,  and  ex¬ 
tremely  heavy  residuum  oil  (>  C40)  20%.  By  molecular  type,  the  breakdown  is 
as  follows  for  the  "average"  crude:  paraffin  hydrocarbons  (alkanes)  30%, 
naphthene  hydrocarbons  (cycloalkanes)  50%,  aromatic  hydrocarbons  15%,  and 
polar  nitrogen,  sulfur  and  oxygen  containing  compounds  (NSO's)  5%.  Specific 
crudes  will  differ  substantially  from  these  values,  hence  the  importance  of 
establishing  the  properties  of  the  oil  that  may  be  spilled  in  a  given  area. 

In  addition  to  crude,  evaluation  of  potential  spill  effects  must  also 

consider  such  products  as  bunker  C  or  #6  fuel  oil,  diesel  or  #2  fuel  oil, 

gasoline  and  kerosene.  Bunker  C  or  #6  fuel  oils  are  the  heaviest  distillate 
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fractions  of  petroleum  with  typical  physical  oroperties  as  follows:  spe¬ 

cific  gravity  approximately  1.00,  viscosity  of  tho  order  of  1,000  centipoise 
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(at  100°F)  and  pour  point  approximately  70°F.  By  average  molecular  type, 
bunker  C  contains  15%  paraffins,  45%  naphthenes,  25%  aromatics,  and  15% 
polar  NSO's,  with  the  great  majority  of  compounds  in  the  >  C30  range.  For 
diesel  or  #2  fuel  oils  representing  the  intermediate  distillate  fractions, 
the  specific  gravity  is  in  the  range  of  0.825  to  C.850,  viscosity  about  40 
centipoise  (at  100°F)  with  pour  point  at  -5°F.  Chemically,  the  majority  of 
compounds  are  in  the  Cl2  -  C25  range,  with  emphasis  on  C15  -  C16,  with 
molecular- type  breakdown  of  30%  paraffins,  45%  naphthenes,  and  25%  aromatics. 
The  lightest  distillates  are  gasoline  (C5  -  C10)  and  kerosene  (C10  -  C12) 
with  specific  gravity  of  about  0.700  to  0.800  and  viscosity  in  the  range 
<  2  centipoise  (at  100°F).  Average  molecular-type  breakdown  for  (virgin) 
gasoline  is  50%  paraffins,  40%  naphthenes,  and  10%  aromatics  (for  blended 
gasolines,  the  aromatics  may  be  as  high  as  30%).  For  kerosene,  the  molecular- 
type  breakdown  is  35%  paraffins,  50%  naphthenes,  and  15%  aromatics. 

Again,  it  is  emphasized  that  these  are  only  rough,  representative 
characterizations  and  that  to  imrpove  calculations  of  spread, dispersion,  and 
eventual  fate  of  a  specific  spill,  one  requires  a  knowledge  of  the  specific 
properties  of  the  spilled  material.  The  range  of  values  for  the  kinematic 
viscosity  of  some  crude  oils  and  emulsions  is  shown  in  Figure  5-17.  Further¬ 
more,  the  operational  response  of  the  Coast  Guard  would  be  greatly  facili¬ 
tated  if  the  above  properties  were  on  file  for  all  commonly  handled  products 
in  a  given  area. 

Specific  weathering  processes  are  now  discussed  in  more  detail. 
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FIGURE  5-17.  KINEMATIC  VISCOSITIES  OF  SOME  CRUDE  OILS  AND  EMULSIONS 


SOURCE:  Asper,  J.J.,  and  P.  Bolli,  "New  Device  for  Removing  Oil  Slicks  from 
the  Surface  Of  Water,  "  PROCEEDINGS  1973  CONFERENCE  ON  PREVENTION 
AND  CONTROL  OF  OIL  SPILLS,  API,  Washington,  D.C. 
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(1)  PHYSICAL  WEATHERING 
(a)  EVAPORATION 

Of  primary  importance  to  physical  weathering  is  evaporation;  the 
process  by  which  low-molecular-weight  compounds  are  volatilized  into  the 
atmosphere.  In  general,  one  can  conclude  that  for  any  oil  product,  the 
greater  the  rate  and  extent  of  spreading,  the  greater  the  evaporation.  Con¬ 
sequently,  the  same  oil,  say  Prudhoe  Bay  crude,  will  experience  more  rapid 
degradation  by  evaporation  at  the  southernmost  spill  sites  than  at  Prudhoe, 
where  it  will  not  spread  to  the  same  thin  film  (c.f.  discussion  on  spreading 
of  oil  on  ice  or  freezing  water,  Part  C).  In  addition  to  the  influence  of 
the  exposed  surface  area  and  thickness  of  the  oil  slick,  evaporation  will  be 
affected  by  wind  (atmospheric  turbulence),  possible  covering  by  or  emulsifi¬ 
cation  with  blowing  snow,  the  boiling  point  distribution  of  the  low  molecular 
weight  compounds  and  the  temperature  of  each  layer  of  the  air-oil-water  (or 
ice,  land)  system. 

The  study  of  evaporation  of  volatile  compounds  of  oil  was  initiated 
by  Blokker^  with  extensions  by  Hoult^’55  and  Smith  and  MacIntyre. 5^  Measure¬ 
ment  of  evaporation  rates  from  oil  slicks  on  the  open  sea  have  also  been 

Cp  Cg 

reported  by  Sivadler  and  Mlkolaj.  Hoult  has  argued  that  the  evaporation 
rate  Is  proportional  to  the  friction  velocity  In  the  atmospheric  boundary 
layer;  however,  the  utility  of  this  result  is  seriously  impaired  by  the  lack 
of  knowledge  concerning  actual  distribution  and  magnitude  of  the  friction 
velocity  for  various  real  surface  conditions,  sucri  as  Ice  or  rough  water. 
However,  from  simulated  evaporation  experiments®5  and  crude  field  observa¬ 
tion,  one  may  conclude  that  all  hydrocarbons  containing  less  than  15  carbon 
atoms  (boiling  point  <  250°C)  will  be  volatilized  fairly  readily  except 
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under  stringent  Arctic  conditions.  From  this  observation,  one  may  conclude 
that  approximately  50  percent  of  the  hydrocarbons  of  the  "average"  crude 
discussed  above  will  evaporate.  Little  detail  is  known  about  the  chemical 
composition  of  Prudhoe  Bay  crude  oil.  Apparently,  only  the  Cx  -  C6  alkanes 
have  been  analyzed  in  detail.^  Routine  analysis^'^  indicated  that  total 
gasoline  and  naphtha  fraction  is  about  20  percent  by  weight,  and  it  is  only 
this  fraction  that  would  evaporate  to  a  significant  extent  during  the  first 
10  days  or  so  after  a  spill.  The  remaining  80  percent  of  the  crude  would 
undergo  little  change  In  composition;  this  fraction  contains  about  30  percent 
aromatics.  In  the  case  of  bunker-C,  on  the  order  of  10  percent  or  less  of 
the  hydrocarbons  will  be  volatilized.  For  diesel,  the  percent  could  go  as 
high  as  75  percent,  and  almost  complete  evaporation  of  gasoline  and/or 
kerosene  could  be  expected  under  most  conditions,  leaving  only  a  slight 
residue  of  the  original  product  in  the  v/ater  or  sediments. 

Experimental  work  applicable  to  the  present  study  is  that  of  Kinney, 

fi? 

et  a  1 . ,  who  conducted  a  small  experimental  spill  of  Cook  Inlet  crude  and 
the  experiments  of  Glaeser32  and  McMinn.^  Kinney,  et  al.,^2  found  that  all 
light  components  up  to  Ca  evaporated  within  8  hours,  whereas  components 
heavier  than  Cm  were  almost  completely  retained.  Glaeser's  results  i  i- 
cated  that  all  fractions  lighter  than  Cm  will  evaporate  in  a  period  of  the 
order  of  five  days  in  the  Arctic. 

EFFECTS  ON  DENSITY  AND  SURFACE  TENSION 

The  experimental  results  of  Glaeser^2  indicated  that  the  density  and 
air-oil  interfacial  surface  tension  exhibit  little  change  over  a  period  of 
a  few  days.  The  specific  gravity  Increased  from  0.89  to  about  0.91  or  0.93 
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during  the  first  week  or  so.  Hoult^*^  derived  a  theoretical  prediction  of 
the  time  variation  of  density  based  on  both  a  simple  two-component  theory  and 
a  theory  based  on  continuous  distribution  of  fractions.  His  results  are  shown 
in  Figure  5-18  (taken  from  USCG  Report  CG-D-96- 75 J  where  the  theory  is  compared 
to  the  observations  of  Glaeser  and  Vance. ^ 

EFFECTS  ON  VISCOSITY 

Whereas  the  density  and  surface  tension  change  relatively  little,  the 
viscosity  of  Prudhoe  Bay  crude  may  change  by  a  factor  of  3  or  more  during  the 
first  24  hours  and  by  a  factor  of  10  in  a  week.  Because  of  the  important 
implications  of  viscosity  on  spreading  calculations  as  well  as  assessment 
of  cleanup  feasibility,  the  time  and  temperature  effects  are  discussed  in  detail. 

The  viscosity  of  fresh  and  aged  Prudhoe  Bay  crude  oil  is  given  in 
Figure  14  of  Glaeser  and  Vance. ^  In  this  figure,  log  u  is  plotted  vs.  log 

T  where  y  is  viscosity  and  T  is  temperature.  In  this  form,  the  data  are  un¬ 
suitable  for  extrapolation  to  the  important  temperature  range  of  below  3°C. 

On  the  other  hand,  a  plot  of  log  y  vs.  1/T  (where  T  is  degrees  absolute)  is 
known  to  yield  a  straight  line  over  a  considerable  range.  Such  a  plot  of 
Glaeser  and  Vance's  data  yields  the  following  results: 

TABLE  5-4 

VISCOSITY  AS  A  FUNCTION  OF  TEMPERATURE 

T  y,  CENTIPOISE 

°C  °F  OF  PRUDHOE  BAY  CRUDE  OIL 

0)  AIL.  (3) _ 


-10 

14 

770 

-  5 

23 

420 

0 

32 

240 

5 

41 

140 

10 

50 

82 

15 

59 

50 

5-71 


FIGURE  5-18  VARIATION  Off  DENSITY  AS  A  FUNCTION  OF  TIME  FOR 
OIL  AGED  ON  ICE  AND  WATER 


The  results  for  T  <  0°C  are  considerably  less  than  would  be  found  by  extrapo¬ 
lation  of  Figure  14  of  Glaeser  and  Vance. ^ 

CHANGE  OF  VISCOSITY  WITH  TIME 

It  Is  possible  to  calculate  from  theory  above  the  change  of  viscosity 
with  time  following  a  spill.  Fortunately,  however,  Glaeser  and  Vance  presented 
data  for  one  set  of  conditions,  and  theory  can  be  used  to  extrapolate  the 
data  to  other  conditions. 

Glaeser  and  Vance  report  the  change  of  viscosity  with  time  of  a  con¬ 
trolled  spill  of  Prudhoe  Bay  crude  on  a  melt  pond.  The  slick  was  about  5-mm 
thick,  and  observations  were  made  for  a  period  of  seven  days  during  which  the 
conditions  were  approximately  as  follows: 

air  temperature  31  -  52,  average  about  38°F 

wind  speed  10  knots 

water  temperature  29  -  32°F 

oil  temperature  31  -  60,  average  about  45  -  50°F 

In  the  absence  of  direct  sunlight,  and  If  the  wind  velocity  Is  not 
very  high  (less  than  about  30  knots),  che  temperature  of  an  oil  slick  will 
be  much  closer  to  the  water  temperature  than  the  air  temperature  because  the 
heat  transfer  coefficient  from  slick  to  water  Is  on  order  of  magnitude 
greater  than  the  coefficient  from  slick  to  air.  With  direct  sunlight,  the 
slick  will  be  heated  several  degrees  above  the  water  temperature. 

Glaeser  and  Vance's  data  were  taken  In  direct  sunlight,  and  they  re¬ 
ported  that  the  slick  temperatures  "varied  up  to  several  degrees  above  the 
air  temperature  In  bright,  clear  days."  It  Is  unfortunate  that  they  did  not 
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report  slick  temperatures  since  the  vapor  pressure  and  hence  evaporation 
rate  is  strongly  temperature-dependent.  In  the  calculations  that  follow, 
their  oil  temperature  has  been  taken  to  be  constant  at  8°C.  Iheir  data, 
extrapolated  to  a  viscosity  at  0°C,  are  as  follows: 


TABLE  5-5 


VISCOSITY  AS  A  FUNCTION  OF  TIME 


DAYS 

ill 


V  AT  0°C  or  32°F 
CENTIPOISE 

_ m _ 


0 


240 


2  1,500 
5  1 ,900 
7  2,200 


To  extrapolate  these  data  to  other  conditions,  the  following  assumptions 
were  made: 


1.  The  rate  of  evaporation  is  proportional  to  the  wind 
speed.  This  cannot  be  quite  correct.  On  a  flat  sur¬ 
face,  the  rate  varies  as  the  0.8  -  0.88  power  of 
velocity.  On  water,  however,  surface  roughness  In¬ 
creases  with  speed  which  would  Increase  the  velocity 
exponent.  Hence,  taking  the  rate  to  be  directly  pro¬ 
portional  to  wind  speed  seems  reasonable. 

2.  The  rate  of  evaporation  Is  directly  proportional  to 
the  "average"  vapor  pressure  at  any  time,  which  In 
turn  Is  determined  by  the  slick  temperature.  By 
examining  the  vapor  pressure  of  several  typical  com¬ 
ponents  of  oil,  the  following  table  of  relative 
vapor  pressure  vs.  temperature  has  been  devised: 
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TABLE  5-6 

VAPOR  PRESSURE  AS  A  FUNCTION  OF  TEMPERATURE 
T 

°F  (VAPOR  PRESSURE)/ (VAPOR  PRESSURE  AT  50°F) 


ill 

(2) 

20 

0.32  + 

0.10 

25 

0.39 

30 

0.48  + 

0.08 

35 

0.59 

40 

0.71 

45 

0.85 

50 

0.00 

This  table  was  used  to  extrapolate  the  data  of  Glaeser 
and  Vance  to  other  temperatures.  For  example,  Glaeser 
and  Vance's  data  were  taken  at  about  50°F,  so  that  If 
the  oil  were  at  30°F,  It  would  take  1/0.48  or  about 
twice  as  long  to  reach  the  same  viscosity  as  shown  in 
Table  5- 5 . 

3.  In  the  absence  of  direct  sunlight,  the  slick  assumes 
the  temperature  of  the  water.  With  direct  sunlight,  it 
is  15°F  above  the  water  temperature. 

4.  The  time  to  reach  a  given  viscosity  is  inversely  propor¬ 
tional  to  the  film  thickness.  This  is  approximate  but 
reasonable.  It  would  be  exact  if  the  oil  film  were 
always  of  uniform  composition  (well-mixed). 


With  the  above  assumptions,  the  data  of  Table  5-5  can  be  extrapolated 
to  other  conditions,  and  the  results  are  shown  in  a  series  of  graphs  (Figures 
5-19  -  5-21).  It  should  be  kept  in  mind  that  these  graphs  are  very  approxi¬ 
mate.  They  are  based  upon  one  set  of  data  for  one  set  of  conditions.  The 
data  were  taken  on  a  small  pond  where  wave  action  was  small.  The  effect  of 
wave  action  on  the  evaporation  rate  is  accounted  for  in  only  a  crude  way 
in  the  first  assumption. 
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FIGURE  5-19.  VISCOSITY  OF  NORTH  SLOPE  CRUDE  SPILLED 
ON  WATER. 


5-  76 


0  12  3  4  5  6  7 


X,  Days  =  ~5-  where  h  is  thickness  in  mm 
FIGURE  5-20  .VISCOSITY  OF  NORTH  SLOPE  CRUDE  SPILLED  ON  WATER. 
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VISCOSITY.  CENTIPOISE 
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FIGURE  5-21.  VISCOSITY  OF  NORTH  SLOPE  CRUDE  SPILLED  ON  WATER. 
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(b)  SOLUTION 


If  oil  is  spilled  on  water,  dissolution  of  low-molecular-weight  hydro¬ 
carbons  as  well  as  some  of  the  polar  non-hydrocarbon  compounds  in  the  water 
will  occur.  The  rate  of  this  process  is  governed  by  the  turbulence  charac¬ 
teristics  of  the  water  surface  layer  as  well  as  the  properties  of  the  oil, 
i.e.,  chemical  composition,  viscosity,  surface  tension,  etc.  Thus,  the 
amount  of  material  dissolved  in  the  water  column  will  be  affected  by  the 
evaporation  processes  discussed  above.  The  solution  process  has  long-term 
aspects  as  well  as  short-term  since  the  various  oxidation  processes  (dis¬ 
cussed  below)  produce  polar  compounds  from  hydrocarbon  in  the  oil. 

gO 

The  water  solubility  of  hydrocarbons  has  been  studied  by  McAuliffe. 
From  the  solubility  data,  one  can  conclude  that  the  light  saturated  and 
aromatic  hydrocarbons  (up  to  about  C10)  will  be  removed  from  the  slick  via 
solution  rather  rapidly.  In  addition,  one  expects  that  higher  molecular- 
weight  hydrocarbons  and  oxidation  products  produced  by  biological  and  non- 
biological  processes  will  also  be  gradually  leached  out  by  the  sea  water. 
Substantiation  of  the  results  of  McAuliffe  is  provided  by  the  work  of 
Zarella,  et  al.,^  McAuliffe,®®  Boylan  and  Tripp, ^  and  Frankenfeld,^  who 

go 

found  presence  of  niqher  molecular-weight  compounds.  Burwood  and  Speers 
reported  on  experimental  studies  confirming  that  the  major  initial  process 
appears  to  be  the  selective  dissolution  of  aromatic  hydrocarbon  components; 
in  addition,  they  reported  on  the  inclusion  of  oxidation  products  in  the 
solution. 


(c)  EMULSIFICATION 

One  may  expect  that  agitation  of  the  oil -water  mixture  which  may  occur 

under  storm  or  severe  tidal  turbulence  conditions  would  accelerate  the 
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solution  processes.  In  addition,  emulsification  forming  either  oil-in-water 
or  water-in-oil  emulsions  will  occur.  The  degree  to  which  emulsification 
will  occur  depends  on  the  amounts  of  surface-active  agents  in  the  oil.  For 
example,  certain  California  crudes  emulsify  quite  readily  due  to  a  high  con¬ 
centration  of  high-molecular-weight  cyclic  carboxylic  acids  as  discussed  by 

69 

Seifert  and  Howells.  The  emulsification  process  is  also  discussed  by 
Berridge,  et  al.,7^and  Mackay,  et  al.7^  Although  the  process  is  reasonably 
well  understood,  in  order  to  predict  the  degree  to  which  emulsification  will 
occur  in  any  given  Incident,  the  composition  of  the  crude  oil  involved  must 
be  known.  This  again  underscores  the  need  for  readily  accessible  information 
on  oil  properties. 

(d)  SEDIMENTATION 

Oil  slick  weathering  will  also  be  Influenced  by  physical  removal  of 
oil  particles  by  sinking  as  a  consequence  of  an  increase  in  density.  Such 
density  increase  may  be  a  result  of  evaporation  and  dissolution,  uptake  by 
the  oil  of  particulate  matter  either  of  organic  or  inorganic  origin,  agglu¬ 
tination  of  dispersed  particles  followed  by  combination  with  organic  or 
inorganic  particles  and  absorption  of  dissolved  compounds  onto  particulate 

matter.  An  excellent  discussion  of  the  role  of  sedimentation  in  the  weather- 

72 

ing  process  is  given  by  Gebelein.  Most  of  the  conclusions  drawn  about 
sedimentation  in  the  open-water  environment  are  speculative  in  nature  since 
few  direct  observations  of  suspended  oil  particles  and  bottom  sediment 
depositions  of  oil  have  been  reported  in  the  literature.  The  simple  assump¬ 
tion  that  any  particulate  matter  in  the  water  column  will  act  in  the  same 

73 

way  to  remove  oil  compounds  is  questioned  by  Feldman.  Background  material 
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forming  a  basis  for  studying  site-specific  sedimentation  processes  is  given 

in  a  review  paper  on  intercalation  of  organic  molecules,  including  petroleum 

74 

fractions,  by  Whitehouse- 

The  process  of  sedimentation  in  intertidal  environments  is  somewhat 
better  understood  and  bears  more  detailed  discussion  because  of  the  implica¬ 
tion  for  intertidal  zone  cleanup  operations,  to  be  discussed  in  Section  6-G. 
Intertidal  zones  for  this  discussion  may  be  classified  as  beaches,  tidal  flats, 
and  rocky  shores.  The  dynamics  of  sedimentation  and  subsequent  evolution  cf 
deposited  oil  fractions  are  best  discussed  in  terms  of  low-energy  shorelines 
and  high-energy  shorelines. 

Sandy  beaches  may  be  either  low-energy  or  high-energy  environments, 
depending  on  topographical  configuration  (e.g.,  long,  exposed  beaches  or 
protected  lagoon  beaches)  and  may  change  from  one  to  the  other,  depending  on 
the  season.  Typically,  cycles  of  sediment  deposition  and  erosion  go  on  on  a 
short-term  tidal  cycle  basis  and  a  long-term  seasonal  cycle  basis.  Periods 
of  deposition  and  erosion  longer  than  seasonal  also  exist  for  certain  beach 
and  offshore  shelf  configurations.  The  range  of  buildup  and  erosion  for  all 
these  cycles  is  from  a  few  millimeters  to  a  meter,  with  the  larger  values 
associated  with  the  longer  periods.  Thus,  extensive  reworking  of  beach  sedi¬ 
ments  will  occur  on  a  seasonal  basis. 

The  nature  and  disposition  of  oil  compounds  on  or  in  a  beach  will  be 
governed  by  the  physical  characteristics  of  the  oil  as  it  comes  ashore  as 
well  as  by  the  properties  of  the  beach  sediments  themselves.  Beach  sediments 
are  characteristical ly  well -sorted  of  both  high  porosity  and  high  permea¬ 
bility,  with  low  tide  sediments  being  water-filled  and  high  tide  sediments 
characterized  by  air-filled  voids  for  much  of  the  tidal  cycle.  Whether  the 


oil  comes  ashore  as  a  slick  or  viscous  emulsion  or  as  dispersed  oil  particles, 
the  effect  of  wave  action  during  rising  tide  will  be  to  concentrate  oily 
material  near  the  high  tide  line.  As  the  tide  recedes,  the  stranding  of  oily 
material  in  the  upper  tidal  regions  will  result  in  melting  and  penetration  of 
the  air-filled  voids  by  oil  fractions  during  the  low  tide  (Ludwig  and 
Carter75)  part  of  the  cycle.  Reworking  of  the  beach  by  wave  action  during 
subsequent  tidal  cycles  coats  sandy  particles;  this  coating  coupled  with 
void-filling  may  restrict  direct  penetration  of  subsequent  oil  if  the  par¬ 
ticles  are  small,  or  enhance  (at  large  particle  sizes)  the  reworking  of  the 
oil.  The  detailed  mechanisms  of  penetration,  coating,  and  reworking  are  not 
well  known  for  low- temperature,  low-pressure  processes  such  as  on  the  beaches 
(as  opposed  to  oil  movement  through  sand-sized  sediments  at  high  temperatures 

and  processes).  Guard  and  Cobet76  reported  on  the  fate  of  bunker  fuel  in 
beach  sand  at  three  beaches  in  the  San  Francisco  area  which  were  polluted 
by  the  January  1971  Standard  Oil  tanker  collision  in  San  Francisco  Bay. 

Their  results  implied  a  gradual  decrease  in  the  oil  content  of  the  beaches 
at  the  high  tide  level,  but  no  decrease  in  total  concentration  at  the  low 
tide  level  over  a  120-day  period.  Incidentally,  they  noted  that  Great  Beach 
at  San  Francisco  had  been  extensively  altered  by  wave  action  between  samp¬ 
lings  on  April  6th  and  April  27th,  1971,  with  resultant  removal  of  2  to  3  ft 
of  beach  material  from  the  sampling  area.  The  ultimate  fate  of  oil  particles 
in  a  beach  will  depend  on  microbial  action  (if  any),  the  history  of  sediment 
transport,  and  the  nature  of  the  tidal  hydraulic  pump  which  moves  water 
through  the  sediments  (sediment  flushing  action). 

Whereas  beaches  may  be  either  high  energy  or  low  energy  (in  protected 
lagoons),  tidal  flats  and  salt  marshes  are  examples  of  strictly  low-energy 
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shoreline.  The  sediments  in  such  areas  are  typically  much  more  fine-grained 
and  higher  in  organic  content,^  with  high  porosity  but  low  permeability. 
With  a  lack  of  seasonal  cycles  of  erosion  and  deposition,  and  minimal  tidal 
cycle  action,  any  oil  contaminated  areas  are  not  likely  to  be  subject  to  ex¬ 
tensive  reworking.  The  high  rates  of  sedimentation  in  these  areas  will 
rapidly  (order  of  a  few  months)  bury  any  oil  that  encroaches.  Extremely 
long  life  and  low  biological  degradation  (due  to  low  oxygen  content  in  the 
sediments)  may  be  expected  in  these  areas  (Blumer,78  Baker^9  ).  The  tidal 
pimp  action  is  very  low  level,  causing  oil  fractions  to  be  extracted  from  the 
tidal  flats  and  salt  marshes  at  a  slow  rate  over  a  long  period  of  time. 

Typical  of  high-energy  shorelines  are  beaches  exposed  to  pounding  surf 
and  rocky  shorelines.  The  behavior  of  beaches  has  already  been  discussed,  so 
that  only  the  new  features  introduced  by  rocky  shorelines  need  be  addressed. 
The  principal  effects  here  are  coating  and  some  penetration,  if  the  rocks  are 
porous  and/or  permeable.  Typically,  in  the  low  to  middle  tidal  range,  the 
rocks  are  algae  coated,  which  will  be  oiled.  The  cycle  then  usua'My  is  ore 
of  algal  and  associated  biological  grazing  community  death,  subsequent 
excessive  algal  growth,  and  a  slow  return  to  equilibrium  as  the  grazing  popu¬ 
lation  replenish  themselves. 

Substantiation  of  the  above  conclusions  about  the  fate  of  oil  in  low 
to  high-energy  shorelines  is  provided  by  the  results  of  Rashid89  who  studied 
the  degradation  of  bunker  C  In  Chedabucto  Bay  3.5  years  after  the  spill. 

The  environmental  conditions  may  be  expected  :o  be  more  representative  of 
Arctic  and  sub-Arctic  conditions  than  other  reported  spill  results.  Rashid 
analyzed  samples  from  representative  low,  moderate,  and  high-enerqy  environ¬ 
ments  and  concludes  that  in  low  to  moderate  energy  shorelines,  total  loss  of 
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saturates  and  aromatics  of  bunker  C  is  less  than  5  percent.  In  the  high- 
energy  samples,  the  saturated  and  aromatic  hydrocarbons  were  reduced  to  34 
percent  compared  with  51  percent  in  reference  bunker  C  gathered  at  the  time 
of  the  spill.  The  non-hydrocarbon  fraction  for  these  samples  showed  an  in¬ 
crease  from  49  to  66  percent  for  the  reference,  indicating  that  degradation 
processes  were  active  as  well  as  physical  reworking. 

(2)  CHEMICAL  WEATHERING 

An  understanding  of  chemical  weathering  requires  consideration  of 
atmospheric  oxidation  of  the  oil  on  the  surface  of  water  Oca,  land),  oxi¬ 
dation  reactions  in  the  water  column,  and  (possibly)  reduction  reactions 
which  may  occur  in  low-oxygen-content  water  layers  as  the  oil  is  transported 
(through  sedimentation  or  sinking)  to  near  the  bottom.  Of  primary  importance 
is  photo-oxidation  (auto-oxidation)  which  is  a  spontaneous  reaction  of  a  com¬ 
pound  with  molecular  oxygen  at  moderate  temperatures.  Since  most  auto¬ 
oxidations  are  accelerated  by  increasing  temperatures  as  well  as  by  light, 
one  would  expect  that  these  processes  are  less  significant  in  the  overall 
weathering  of  oil  in  the  Arctic  region  than  in  more  temperate  zones.  The 

go 

phcto-oxidation  process  is  discussed  by  Burwood  and  Speers,  who  cite  the 
relevant  literature  on  the  subject.  Unfortunately ,  most  of  the  reported  work 
is  addressed  to  Middle  East  crude  oils;  since,  once  again,  the  oxidation 
process  is  strongly  composition-dependent,  only  general  conclusions  concern¬ 
ing  the  importance  of  this  process  to  the  weathering  of  (local)  oil  in 
Arctic  conditions  may  be  drawn. 
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(3)  BIOLOGICAL  DEGRADATION 

The  role  of  biological  degradation  in  the  long-term  evolution  of  oil 
compounds  in  the  environment  has  been  extensively  studied  in  recent  years. 

As  with  most  aspects  of  oil  pollution,  the  literature  is  voluminous  and  the 
extraction  of  practically  useful  information  is  becoming  more  and  more 
difficult.  Since  oil  biodegradation  has  been  studied  since  the  turn  of  the 
century,  one  needs  a  convenient  starting  point  for  evaluating  the  state-of- 
knowledge  in  this  area.  Such  a  starting  point  is  furnished  by  the  proceedings 
of  a  workshop  on  microbial  degradation  of  oil  pollutants8^  held  in  Atlanta, 
December  1972.  For  bibliographical  material,  the  most  recent  published  list 
on  oil  pollution  and  oil  decomposing  bacteria  is  Reference  82.  In  this 
section,  the  status  of  current  knowledge  about  biodegradation  in  Arctic  and 
sub-Arctic  environments  will  be  briefly  reviewed. 

When  discussing  the  microbial  degradation  of  oil  in  any  environment, 
one  must  keep  in  mind  that  bacteria  are  substrate-specific,  i.e.,  only  a 
limited  number  of  hydrocarbons  can  be  utilized  by  any  one  special  bacterial 
strain,  so  the  term  "oil  decomposing  bacteria"  is  quite  misleading.  Further¬ 
more,  even  given  the  existence  of  bacteria  mixtures  capable  of  degrading  oil 
compounds,  the  extent  to  which  degradation  will  occur  is  governed  by  the 
oxygen,  nitrogen,  and  phosphate  salt  content  of  the  environment.  Tempera¬ 
ture  also  influences  oil  degradation  in  two  ways:  at  low  temperatures,  the 
low-boiling  fractions  take  longer  to  evaporate  and  the  activity  of  the 
bacteria  is  slowed  down.  However,  it  has  been  demonstrated  (Zobell  and 
Agosti,8^  Zobell,84  Robertson,  et  al.,85  Atlas  and  Bartha,®®  and  Button87) 
that  even  for  low  temperatures  characteristic  of  the  aquatic  environment  of 
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Alaska,  say  ^  -  1°C,  oil-degrading  activity  of  microorganisms  still  exists. 
However,  the  microorganism  species  capable  of  oxidizing  oil  at  near  0°C  do  so 
only  at  5  to  10  percent  the  rate  of  oxidation  by  species  active  at  25°C. 

There  are  some  indications  that  some  of  these  low-temperature  species  may  be 
killed  when  the  temperature  rises  to  higher  values,  say  25°C;  however,  the 

Op 

studies  of  Traxler  of  psychrophilic  bacteria  from  Chedabucto  Bay  indicated 
that  large  numbers  do  survive  the  seasonal  temperature  cycles. 

Another  aspect  that  must  be  considered  is  the  influence  of  other 
organisms  feeding  on  the  bacteria  which  are  feeding  on  the  oil;  such  activity 

OQ 

was  noted  by  Gunkel,  who  observed  huge  numbers  of  Protozoans  feeding  on  the 

bacteria,  causing  cessation  of  oil  degradation. 

Biodegradation  of  crude  oil  in  the  terrestrial  environment  is  currently 

under  study  in  connection  with  the  research  program  funded  by  the  Environmental - 

Social  Committee  Northern  Pipelines  Task  Force  on  Northern  Oil  Development, 

Government  of  Canada.  The  results  of  ongoing  research  are  reported  by  Cook 
Qf)  91 

and  Kestlale  and  Parkinson.  .  The  thesis  has  been  advanced  by  these 
researchers  that  biodegradation  is  facilitated  by  improvina  the  nutritional 
status  of  the  environment;  substantiation  of  this  thesis  is  provided  by 
the  results  of  Reference  90  where  they  noted  that: 

"application  of  fertilizer  (NH4NO3  and  N^POiJ 
showed  remarkable  increase  in  the  rates  of  n-paraffin 
degradation. " 

Data  obtained  in  studies  of  oil  degradation  in  sea  water  (Atlas  and 
Bartha  ^  and  Reisfield,  et  al .  indicated  that  fertilizer  also  accele¬ 
rated  the  degradation  in  an  aauatic  environment.  The  results  of  Cook  and 


90 

Westlake  show  that  although  n-parafflns  are  microbially  degraded  in  Arctic 
soils,  the  indigenous  supply  of  nutrients  such  as  nitrogen  and  phosphorus 

are  rapidly  depleted  by  the  biological  activity  and  hence  fertilization  is 

required  to  effect  rapid  rates  of  degradation.  Soil  temperature  and  moisture 

are  shown  to  have  important  effects  on  the  degradation  process. 

These  results  indicate  that  fertilization  as  well  as  bacterial  seeding 
of  spills  may  stimulate  the  degradation  process.  However,  before  proceeding 
with  development  of  bacterial  cultures  to  counteract  oil  spill  effects,  the 
ultimate  effects  of  the  introduction  of  bacterial  cultures  on  the  environment 
should  be  carefully  studied.  The  question  of  whether  or  not  such  cultures 
die  out  after  utilization  of  the  oil  or  seek  other  habitats  in  the  biosphere 
should  be  clearly  established  before  consideration  of  introducing  "foreign" 
bacteria  into  the  oil -affected  environment. 

In  summary,  although  It  is  clearly  evident  that  microbial  degradation 
is  a  viable  process  in  the  long-term  evolution  of  an  oil  spill,  either  in  our 
aquatic  or  terrestrial  environment,  insufficient  knowledge  exists  as  to  actual 
rates  and  degree  of  degradation  to  be  expected.  Specific  studies  of  oil 
compounds  in  selected  locations  not  sub.iect  to  extensive  physical  reworking, 
i.e.,  tide  flats,  marsh  land,  tundra,  etc.,  should  be  carried  out  over  the 
next  few  years  to  aid  in  evaluation  of  the  biodegradation  mechanism.  Labo¬ 
ratory  measurements  and  carefully  controlled  cultures  will  help  in  broadening 
the  understanding  of  the  biodegradation  process,  but  direct  extrapolation  of 
these  results  to  the  "real  world"  could  be  extremely  misleading.  The  use  of 
"non-mobile"  study  areas  is  necessary  to  separate  flushing  and/or  transport 
mechanisms  from  biodegradation  activity;  for  example.  In  the  background  study 
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of  available  knowledge  concerning  the  Alaskan  Arctic  coast,  the  authors  quoted 
Kinney's  1970  studies  in  Cook  Inlet  as  showing  that  biodegradation  of  Cook 
Inlet  crude  oil  is  essentially  complete  in  two  to  three  months.  However,  the 
complete  tidal  flushing  time  of  the  Inlet  is  of  the  order  of  10  to  12  months, 
hence,  the  dilution  and  transport  mechanisms  are  more  likely  responsible  for 
the  reduction  of  oil  compound  concentrations  than  biodegradation. 
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SECTION  6.  OIL  SPILL  CONTAINMENT  AND  CLEANUP: 
A  REVIEW  OF  METHODS  AND  EFFECTS 


Whether  an  oil  spill  occurs  in  the  open  water,  on  ice,  or  on  land, 
response  is  required  in  three  principal  operational  modes:  (1)  securing  or 
minimization  of  the  oil  reservoir  of  the  spill  source,  (2)  containment  of  the 
spilled  oil,  and  (3)  removal  or  dispersion  of  spilled  oil.  This  study  does 
not  encompass  a  review  and  evaluation  of  techniques  for  securing  the  source 
of  the  spill,  such  as  a  distressed  tanker,  ruptured  pipeline,  or  platform 
blowout.  For  the  purposes  of  this  study,  fixed  volumes  of  spill  were  speci¬ 
fied,  thus  only  containment  and  cleanup  methods  and  their  potential  effects 
were  reviewed.  Extensive  studies  of  various  aspects  of  containment,  cleanup, 
and  dispersion  have  been  funded  by  the  Coast  Guard,  Environmental  Protection 
Agency  (EPA),  and  the  American  Petroleum  Institute;  the  resulting  comprehen¬ 
sive  reports  will  be  noted  in  the  bibliography  for  the  appropriate  topic. 
Cleanup  and  containment  activity  will  differ  for  open-water  spills  and  Ice  or 
land-bound  spills  and  the  state-of-the-art  for  each  situation  will  be  dis¬ 
cussed  separately. 


A.  CONTAINMENT  0F  OIL  SPILLS  ON  OPEN 
The  principal  means  of  containing 
irg  mechanical  barriers  (oil  booms),  air 
riers  (surface  tension  modifiers).  Some 
or  redirection  of  the  spreading  may  also 
jets. 


WATER 

oil  spills  on  open  water  are  float- 
bubble  barriers,  and  chemical  bar- 
curtailment  of  the  spread  of  oil 
be  affected  by  the  use  of  water 
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(1)  FLOATING  BOOMS  OR  BARRIERS 

A  comprehensive  review  of  oil  containment  systems  was  published  by 
the  Oil  Spills  Branch  of  the  EPA  in  October  1970  and  updated  in  January  1973. 
The  salient  features  influencing  boom  effectiveness  are  discussed  in  a 
publication  of  the  Office  of  Water  Program  of  the  EPA.  Eighty-five  specific 
boom  designs  were  described  by  Sittig,^  who  compiled  the  information  avail¬ 
able  from  the  U.S.  Patent  Office  as  well  as  the  data  published  in  References 
1  and  4--the  second  a  state-of-the-art  review  by  the  National  Maritime 
Research  Center. 

Although  there  are  many  designs,  floating  oil  containment  booms  have 
the  following  basic  functional  components:  (1)  flotation  or  buoyancy  com¬ 
ponents,  (2)  weighting  components  to  achieve  desired  boom  orientation  in  the 
water,  (3)  submerged  skirt  to  restrict  oil  flow  under  the  boom,  (4)  free¬ 
board  or  surface  barrier  to  minimize  surface  escapement,  and  (5)  longitudinal 
force  carrying  components  to  provide  structural  integrity  to  the  boom  under 
severe  wind,  wave,  current,  and  handling  stresses.  Booms  may  be  classed  as 
flexible,  semiflexible,  and  rigid  according  to  the  ease  and  degree  to  which 
the  boom  followswave  action.  Rigid  booms  (rigid  sections  or  modules  joined 
by  some  form  of  hinges)  predominate  in  the  current  state-of-the-art  due  to 
their  overall  strength,  durability,  and  stability  properties.  In  any  boom 
design,  consideration  must  be  given  to  the  ease  of  handling  (storage,  as¬ 
sembly,  transport,  and  deployment)  as  well  as  the  functional  aspects  of 
containment  effectiveness  and  durability.  In  addition  to  commercially 
available  booms,  many  improvisations  have  been  used  in  past  spill  incidents 
with  varying  degrees  of  success.  Most  common  improvisations  utilize  timber, 
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whether  telephone  poles,  railroad  ties,  or  trees  cut  on  site,  linked  to¬ 
gether  in  some  fashion  to  provide  continuity.  Since  such  improvised  toons 
have  limited  freeboard  and  effective  "skirt"  depth,  as  well  as  substantial 
mass,  successful  use  has  been  largely  restricted  to  auiet,  protected  waters 
with  very  low  currents.  The  limits  imposed  by  currents,  wave  action  and 
wind  also  dictate  the  utility  of  commercial  booms,  since  all  booms  work  best 
in  calm,  non-moving  water. 

In  any  given  spill  situation,  booms  may  be  used  in  several  ways.  If 
currents  and  sea  state  are  low,  booms  may  be  towed  in  the  characteristic 
U-shape  by  workboats  to  help  collect  the  oil  in  thicker  layers  for  increased 
efficiency  of  removal  devices.  Towino  speeds  must  in  general  be  such  that 
the  net  water  velocity  perpendicular  to  the  center  elements  of  the  boom  is 
less  than  1  knot*  to  minimize  oil  escapement.  In  situations  where  currents 
of  1  knot  or  higher  exist,  due  tc  combined  wind  and  tidal  action,  the  boom 
may  be  held  stationary  to  allow  tne  oil  to  drift  in,  or  the  boom  may  be 
allowed  to  drift  with  the  effective  current  at  some  fraction  of  the  current 
velocity  to  maximize  oil  retention.  Other  operations  scenarios  may  involve 
the  use  of  the  boom  as  an  oil-deflection  tool  to  either  direct  oil  toward 
removal  equipment  or  to  protect  sensitive  areas. 

Regardless  of  specific  design  solutions,  booms  may  in  qeneral  be 
classified  as  high-seas  or  offshore  booms  and  "calm  water"  booms.  This 
discussion  concentrates  on  high-seas  booms  since,  for  the  most  part,  the 


*The  comnonly  quoted  fiqure  for  effective  containment  is  1.2  ft/sec 
or  0.7  knot;  1  knot  for  small  escapement  allowed  is  used  herein. 
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environmental  conditions  to  be  expected  in  Alaskan  waters  will  be  of  the 
"high  seas"  type  with  significant  wave,  current,  and  wind  action.  High  seas 
booms  are  characterized  by  their  sea- keeping  ability,  rugged  construction, 
and  deep  effective  draft. 

The  effectiveness  of  any  given  barrier  is  governed  by  its  sea-keeping 
characteristics  (motion  of  the  barrier  in  waves)  and  the  current  field  at 
any  particular  element  or  module  of  the  boom.  As  noted  above,  the  effective 
current  field  may  be  determined  by  tidal  and/or  wind  induced  currents,  towing 
or  motion  of  the  barrier  in  the  waves.  Consider  first  the  behavior  of  an  oil 
slick  ahead  of  a  (typical)  boom  as  shown  in  Fiqure  6-1  for  calm  water.  As  nil 
collects  in  front  of  a  boom,  a  headwave  of  oil  forms  some  distrance  upstream 

from  the  boom.  Containment  is  effective  with  only  slight  oil  loss  until  the 
resultant  current  exceeds  approximately  1  knot  at  which  time  oil  droplets 
are  generated  at  the  headwave  and  swept  back.  Some  of  these  may  rejoin  the 
slick  inside  the  boom  and  some  are  beginning  to  be  swept  under  the  skirt 
(approximately  50-50  according  to  Ref.  5).  As  the  current  increases  to 
roughly  1.5  knots,  the  oil  lost  increases  by  a  factor  of  10.  The  upper  limit 
of  any  useful  containment  at  all  for  the  majority,  if  not  all,  booms  to  date 
is  3  knots  with  2  knots  a  more  realistic  figure.  The  low  speed  (<  1  knot) 
retention  of  a  boom  may  be  improved  by  extending  the  subsurface  skirt  or 
inclining  it  forward  via  use  of  bottom  tension  towing  (Ref.  6). 

Rough  water  conditions  introduce  other  considerations  in  the  evalua¬ 
tion  of  boom  effectiveness.  Foremost  of  these  are  the  sea-keeping  character¬ 
istics  of  the  boom.  An  effective  barrier  must  heave  up  and  down  in  synchron¬ 
ism  with  the  waves  in  order  to  mimimize  freeboard  height  and  skirt  depth 

variations,  i.e.,  that  oil  not  pass  over  or  under  the  barrier.  For  the  same 
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FIGURE  6-1.  BEHAVIOR  OF  AN  OIL  SLICK  IN  CALM  WATER 


reasons,  the  roll  angle  of  individual  modules  must  remain  small.  The  sway 
response  of  a  barrier  will  determine  the  oil  retention  characteristics  by 
how  the  sway  motion  affects  the  current  field,  c.f.  (Fig.  6-2  ).  Sway  re¬ 
sponse  of  a  barrier  should  be  designed  so  as  to  minimize  the  currents  rela¬ 
tive  to  the  barrier  while  not  decreasing  the  effective  depth  to  where  escape¬ 
ment  occurs.  Another  mechanism  that  increases  loss  of  oil  under  the  boom  is 
the  added  current  at  the  oil  headwave  due  to  the  orbital  velocity  in  the 
swell  or  wave;  this  mechanism  may  also  prevent  detached  droplets  (Fig.  6-1) 
from  rejoining  the  slick  ahead  nf  the  hnom.  Unless  the  freeboard  is  suffi¬ 
ciently  high  and  heave  motion  is  synchronized,  breaking  waves  in  short-crested 
seas  may  carry  oil  over  the  top  of  the  barrier. 

The  above  failure  mechanisms  for  booms  are  fairly  well  understood  and 
are  characteristic  of  almost  all  booms  available  today.  A  more  detailed  dis¬ 
cussion  of  the  failure  mechanisms  and  strength  design  requirements  was  given 
by  Milgram,^*8  Chung,  et  al .  Wicks, Glaeser,^  and  Abrahams.^  Other  de¬ 
sign  concepts  involving  streamlined  booms  and  booms  incorporating  weir  de¬ 
vices^  have  been  proposed;  however,  these  have  not  been  subjected  to  full- 
scale  testing  under  realistic  high  seas  conditions,  and  no  conclusions  con¬ 
cerning  potential  improvement  over  existing  booms  may  be  drawn  at  this  time. 

It  is  important  to  note  that  the  severe  loads  under  which  high  seas  booms 
must  operate  dictate  simplicity  in  design;  all  booms  in  use  today  suffer  a 
hiqh  damage  and  loss  rate^  except  under  very  mild  conditions. 

An  extensive  research  effort  has  been  undertaken  by  Rensselaer 
Polytechnic  Institute  (RPI)  under  contract  for  USCG  (DOT-CG-33,  755-A)  to 
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FIGURE  6-2.  SWAY  RESPONSE  OF  BOOM  IN  WAVES 


evaluate  the  state-of-the-art  of  using  chemical  additives  to  improve  the  con 
trol  of  oil  spills  at  increased  current  velocities  up  to  10  knots.  The 
Interim  report  by  RPI^4  contains  an  exhaustive  bibliography  on  the  subjects 
of  oil  slick  behavior,  oil  spill  containment,  and  removal  and  modification 
of  oil  properties  by  additives.  A  detailed  discussion  of  the  various  mech¬ 
anisms  available  for  reduction  of  oil  loss  under  barriers  Is  presented  In 
Reference  14  as  well  as  evaluation  of  each  specific  mechanism,  such  as 
reduction  of  oil/water  Interfacial  drag,  oil  slick  gellatlon,  increase  In 
oil/water  Interfacial  stability,  and  promotion  of  oil  droplet  slick  coales¬ 
cence. 


(2)  AIR  BARRIERS 

Air  or  bubble  barriers  consist  of  submerged  perforated  pipe  or  tubing 
from  which  compressed  air  is  released.  The  resultant  rising  curtain  of 
bubbles  produces  an  upswelllng  on  the  water  surface  above  the  tube  and  a 
horizontal  surface  current  away  from  the  mound.  Air  barriers  will  not  con¬ 
tain  oil  in  currents  as  low  as  0.4  knot,  and  this  effectiveness  Is  further 
degraded  by  the  orbital  velocity  induced  by  wave  action.  In  Figure  6-3, 
the  circulation  patterns  of  an  air  bubble  barrier  in  quiet  waters  and  the 
effects  of  current  are  Illustrated.  In  still  waters,  the  maximum  surface 
current,  Vm,  created  by  an  air  barrier,  Is  related  to  the  volume  flow  rate 
of  air  per  unit  length  of  manifold  Q  by 

Vm  •  k(gQ)1/3 

where  k  is  a  constant  and  g  the  acceleration  of  gravity.  The  surface  cur¬ 
rent  reaches  a  maximum  at  a  distance  L  from  the  manifold  and  then  decreases 
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approximately  proportional  to  "\j/i  where  x  is  the  distance  from  the  manifold. 
The  distance  L  is  found  to  vary  from  d,  the  depth,  to  d/z.  The  depth  of  the 
surface  current,  b,  is  about  d/4  at  x  =  L  and  increases  linearily  for 
larger  x.  When  currents  are  superposed  (Figure  6-4),  the  plume  bends  over; 
if  the  plume  deflects  over  30°  from  vertical,  the  plume  breaks  up.  Oil  loss 
through  a  bubble  barrier  results  from  turbulent  entrainment  of  oil  particles 
in  the  water  which  may  be  passed  through  the  plume. 

In  general,  air  on  bubble  barriers  requires  large  amounts  of  power 
and  specialized  equipment.  Due  to  loss  of  effectiveness  with  current  and 
waves,  these  barriers  are  useful  primarily  in  sheltered  harbor  areas  and, 
hence,  of  limited  utility  in  potential  Alaskan  spill  situations  studied 
in  this  report. 

(3)  CHEMICAL  BARRIERS 

Certain  surface-active  chemicals,  which  alter  the  balance  of  inter¬ 
facial  tension  forces  at  the  junction  of  the  air-water,  air-oil,  and  oil- 
water  interfaces,  may  be  used  to  contain  the  spreading  of  oil  slicks.  The 
study  of  surface-active  chemicals  (oil  herders,  piston  films,  etc.)  in  the 
laboratory  and  field  has  shown  that  such  chemicals  can  aid  in  containing 
oil.  Barger^5  reported  on  an  evaluation  of  47  surface-active  chemicals; 
however,  the  field  conditions  assumed  water  temperatures  of  greater  than 
5°C.  The  effects  of  water  at  0°C  on  the  chemicals  and  their  action  are 
currently  unknown.  Details  of  the  known  characteristics  of  surface  films 
are  given  in  Garrett  and  Barger.**  As  is  the  case  with  air  barriers,  chemical 
agents  of  this  type  have  been  shown  to  be  useful  in  quiet  waters  and  smooth 
swells;  choppy  and  breaking  seas  will  impair  effectiveness.  Since  the 
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FIGURE  6-4.  CIRCULATION  PATTERN  UPSTREAM  OF 
AN  AIR  BARRIER  IN  A  CURRENT 


surface  film  will  drift  along  with  the  oil,  currents  may  not  be  detrimental 
to  the  action  of  the  chemicals.  However,  since  spreading  occurs  in  all 
directions  from  the  point  of  application,  away  from  the  oil  slick  as  well 
as  toward,  periodic  reapplication  may  be  necessary  or  concurrent  use  of 
mechanical  barriers,  etc.,  be  dictated.  The  effects  of  a  given  appli¬ 
cation  will  last  for  a  jurs  at  the  most,  so  immediate  cleanup  activity 

is  necessary  in  conjunction  with  use  of  these  materials. 

B.  OIL  REMOVAL  FROM  OPEN  WATER 

Oil  removal  from  an  open  water  surface  involves  some  type  of  skimming 
device.  Skimmers  may  operate  directly  on  the  oil  slick  on  the  water  or  on 
oi  1-saturated  sorbent  material  that  has  been  broadcast  on  the  slick.  The 
design  requirements  for  these  two  functional  modes  of  operation  are  quite 
different  and  will  be  discussed  separately.  Direct  oil  skimmers  may  be 
classified  according  to  the  method  by  which  oil  is  removed  from  the  water 
surface.  To  date,  oil  removal  devices  based  on  weir  action,  suction,  sorbent, 
vortex,  screw,  conveyor,  and  jet  action  have  been  proposed  in  the  literature, 
and  many  operational  units  exist.  Primary  design  requirements  for  skimmers 
are  (1)  ease  of  handling,  (2)  ease  of  operation,  (3)  low  maintenance  (high 
reliability),  (4)  strength  and  durability,  (5)  versatility  of  operation 
under  various  current  and  wave  conditions,  (6)  high  oil  recovery  rate,  and  (7) 
ease  of  transportation  to  remote  areas.  Requirement  (7)  may  translate  into 
air-drop  capability  for  most  anticipated  USCG  operations  in  Alaska.  Present 
day  skimmers  are  designed  to  one  or  more  of  the  above  requirements,  none 
exist  which  meet  all  satisfactorily. 
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For  the  most  part,  environmental  factors  such  as  currents,  wave  action, 
and  floating  debris  limit  the  capacities  of  skimmers;  wave  limitations  of 
less  than  2  ft  (0.6  m)  and  current  limitations  of  less  than  1  knot  would 
preclude  the  use  of  most  present-day  designs  in  typical  Alaskan  conditions. 
Most  of  the  readily  transportable  commercial  devices  available  today  would 
pose  danger  to  the  operating  personnel  at  the  majority  of  the  sites  studied 
in  this  report.  Trom  both  functional  and  safety  points  of  view,  use  in 
most  spill  situations  would  be  restricted  to  protected  embayments  and  inlets. 
The  other  major  factor  to  consider  in  any  skimmer  design  is  the  minimum  op¬ 
erating  depth  of  the  device  as  well  as  the  degree  of  hull  bottom,  propulsion 
system,  and  operational  mechanism  protection.  Since  most  cleanup  operations 
can  be  expected  to  take  place  in  (relatively)  uncharted  waters,  irminity  to 
underwater  hazards  is  highly  desirable. 

As  noted  above,  when  wave  heights  approach  2  ft  (0.6m)  and  currents 
exceed  2  knots,  direct  skimming  of  oil  becomes  either  impossible  or  highly 
inefficient  due  to  the  high  water-to-oil  ratio.  Under  these  conditions, 
removal  with  the  aid  of  sorbent  materials  and  suitable  sorbent  harvesting 
vessels  is  necessary.  When  considering  sorbent-aided  oil  recovery,  the 
entire  sorbent  system  must  be  considered,  involving  such  factors  as  sorbent 
supply,  whether  stored  or  generated  sorbent  broadcasting,  oil- 

sorbent  harvesting,  oil-sorbent  separation,  storage  and/or  disposal.  Sor¬ 
bent  characteristics  will  be  discussed  separately  in  this  report;  insofar  as 
properties  of  the  recovery  system  are  concerned,  the  major  considerations 
are  sea-keeping  ability  of  the  vessel,  durability  of  the  recovery  mechanism 
under  severe  sea  conditions,  susceptibility  to  floating  debris,  and  the 

(safe)  operating  depth  of  the  vessel. 
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The  principal  features  of  both  direct  oil  recovery  and  sorbent  har¬ 
vesting  devices  will  now  be  briefly  described.  Devices  are  classified 
according  to  the  principal  recovery  mechanism  of  the  device:  weir,  suction, 
drums,  belt  or  disc,  vortex,  screw,  or  jet  recovery.  Figure  6-5  illustrates 
the  key  features  of  these  recovery  mechanisms.  Detailed  information  on 
various  devices  is  given  in  Sittlg^  and  by  EPA.^ 

(1)  WEIR  DEVICES 

Weir  devices  depend  on  gravity  to  drain  oil  off  the  surface  of  the 
water  (Fig.  6-5a  ).  The  oil  is  allowed  to  overflow  the  weir  into  a  collect 

ing  device  from  which  it  may  be  pumped;  to  improve  efficiency  (decrease  water 
pickup),  weirs  may  be  staged.  The  weir,  itself,  may  take  many  configurations 
(smooth  plate,  saw-toth,  etc.)  and  is  either  integrated  with  the  skimming 
vessel  or  forms  an  attached  subsystem.  Various  tests  of  simple  weir  skinners 
have  shown  that  these  devices  perform  poorly  in  any  but  calm  waters  due  to 
increasing  recovered  water/oil  ratio.  Some  improvement  under  smooth  wave 
conditions  may  be  expected  by  allowing  weir  movement  in  synchronism  with  wave 
action.  Several  mechanisms  (illustrated  in  Fig.  6-6  )  have  been  proposed  to 
increase  the  recovered  oil  fraction  such  as  the  hydro-adjustable  saucer  weir 
(6-6a  ),  simple  saucer  weir  (  6-6b),  vortex  weir  (  6-6c),  multiple-cascade 
weirs  (  6-6d),  and  multiple-cascade  coupled  with  dynamic  head  weirs. 

(2)  SUCTION  DEVICES 

Floating  suction  devices  (Fig.  6-5b  )  will  operate  under  about  the 
same  environmental  conditionsas  weir  devices  but  exhibit  a  higher  failure 
rate  due  to  debris  clogging  of  the  floating  :,,"tion  head.  Usually  for  these 
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FIGURE  6-E.  CLEANUP  DEVICE  TYPES 
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a.  HYDRO  -  ADJUSTABLE  SAUCER  WEIR 


TO  PUMP 
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d.  DOUBLE  ADVANCING  WEIR 


FIGURE  6-6  .  WEIR  TYPE  VARIATIONS 
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types  of  devices,  the  suction  head  is  a  separate  subsystem  of  the  support 
vessel  and,  because  of  the  shallow  draft,  may  be  effective  for  removal  of  oil 
from  shallow  water  areas.  Past  operational  experience  indicates  that  these 
devices  are  useful  primarily  in  protected  harbor  areas. 

(3)  DRUM,  BELT  OR  DISC  DEVICES 

(a)  OLEOPHILIC  BELTS,  DRUMS  AND  DISCS 

Among  the  most  effective  of  skimming  devices  tested  under  field  con¬ 
ditions  have  proved  to  be  the  oleophilic  belt  or  disc  (Figs.  6-5c  and  6-5e) 
devices.  This  type  of  device,  employing  a  disc,  belt  or  drum  with  a  sorbent 
surface  is  somewhat  less  susceptible  to  wave  and  current  action.  However, 
the  efficiency  of  recovery  will  depend  on  oil  thickness,  degree  of  oil 
weathering, affinity  of  the  sorbent  surface  for  oil,  cycling  rate  of  the  disc, 
belt  or  drum  and  the  velocity  of  the  skimming  vessel.  With  drum  type  de¬ 
vices,  significant  wave  action  may  reduce  the  amount  of  oil  recovered  since 
the  oil  film  layer  contacts  the  drum  at  varying  rates  reducing  pick-up  effi¬ 
ciency.  The  same  type  of  problem  exists  for  the  belt  devices.  Operation  can 
be  improved  in  smooth  waves  by  making  the  pick-up  device  follow  the  wave  ac¬ 
tion;  however,  this  usually  occurs  at  the  cost  of  losing  structural  durability. 

(b)  INVERTED  BELTS 

Another  class  of  devices  utilizes  the  inverted  endless  belt  concept, 

1 8 

(Fig.  6-5d).  Operational  experience  with  a  unit  of  this  type  indicated  that 
many  of  the  shortcomings  of  oleophilic  belts,  drums  and  discs  can  be  overcome 
in  this  concept.  Particularly  useful  Is  the  ability  to  cope  with  oil  of  all 
stages  of  weathering  as  well  as  oil -soaked  debris  that  will  be  encountered  in 
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any  spill  situation.  Successful  skimming  in  3  to  4-ft  choppy  seas  indicated 
that  these  devices  hold  promise  for  operation  with  expected  Alaskan  conditions. 
Because  of  the  ability  to  harvest  free  slicks  as  well  as  oil-soaked  debris, 
the  inverted  belt  skimmers  can  also  be  used  to  recover  sorbent/oil  mixtures. 

At  the  present  time,  considerable  development  work  is  still  necessary  to  in¬ 
crease  the  capacity  of  the  vessels,  improve  sea-keepinq  characteristics  of  the 
belt  mechanisms  to  follow  wave  action  and  recycle  sorbents,  if  used  in  a  sorbent- 
aided  cleanup  system. 

(c)  CONVEYOR  BELT 

Conveyor  belt  concepts  for  recovering  sorbent/oil  mixtures  have  been 
explored  by  various  companies;  typical  results  of  these  studies  are  reported 
by  contractors  to  EPA  under  research  contracts  to  develop  sorbent  systems 
for  oil  spill  cleanup.19  All  contractors  selected  open  mesh  wire  belting 
mounted  on  standard  conveyors,  with  or  without  flights  to  aid  sorbent  reten¬ 
tion  for  high  conveyor  inclination  angles.  Because  of  the  difficulties  ex¬ 
perienced  by  belt  and  drum  type  skimmers  due  to  severe  wave  action,  this 
concept  does  not  appear  as  good  as  the  inverted  belt  concept  for  rough  sea 
operations.  Also,  high  winds  may  cause  problems  for  the  exposed  conveyor 
belts.  However,  the  standard  conveyor  systems  may  be  mounted  on  vessels  of 
opportunity  whereas  the  inverted  belt  mechanisms  require,  at  this  stage  of 
development,  specially  designed  skinning  vessels. 
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(4)  OTHER  DEVICES 

Devices  based  on  other  principles  from  those  discussed  thus  far  have 

been  proposed  in  the  1  iterature,  and  some  have  been  tested  either  in  model  or 

20 

prototype  form.  Examples  of  such  devices  are  the  variable  pitch  screw 
(Fig.  6-5q)  which  can  be  incorporated  in  different  skimming  vehicles,  free- 
vortex  collection  devices,  and  double  weir-basin  skimmers  (Fig.  6-6d). 

The  double  weir-basin  recovery  system  is  one  of  two  concepts  for  high  seas  oil 
recovery  under  development  for  the  USCG  (the  other  concept  is  a  drum-disc 


device 


23,24, 


Because  of  the  likelihood  of  sorbent  use  as  well  as  high  probability 
of  contaminated  debris  under  most  of  the  postulated  spill  conditions,  com¬ 
bined  with  the  logistics  problem,  it  is  felt  that  the  screw-based  concepts 
will  not  be  of  high  utility  in  the  near  future.  Free-vortex  collection  de¬ 
vices  and  surface  suction  pumps  are  susceptible  to  debris  clogging;  hence, 
in  general  they  would  be  of  limited  use  in  ice- infested  waters  or  highly 
debris-laden  waters.  However,  small  units  of  either  type  that  may  be  operated 
as  hand-held  skimmers  would  prove  useful  for  recovery  of  oil  floating  in  ice- 
free  pools  or  small  shallow  water  areas  near  shore  where  mechanized  skimmers 
cannot  operate.  The  need  for  such  small,  mobile  units  has  been  identified  by 
various  oil  cleanup  cooperatives  and  a  prototype  hand  vacuum  cleaner-style 
skimmer  system  has  been  developed  under  the  auspices  of  Clean  Bay  Associates, 
the  oil  cleanup  cooperative  for  the  Gulf  of  Mexico. 


C.  CONTAINMENT  AND  CLEANUP  IN  ICE- INFESTED  WATERS 

If  a  spill  should  occur  in  ice-infested  waters,  the  effectiveness  of 
the  majority  of  containment  and  cleanup  devices  discussed  herein  is  greatly 
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modified.  The  fundamental  characteristic  of  such  spills  is  the  incidence 
of  moving  solid  ice  chunks,  ranging  in  size  from  small  (order  of  inches) 
pieces  to  substantial  blocks  (order  of  feet).  Under  such  conditions,  con¬ 
ventional  containment  barriers  deployed  in  a  containment  mode  will  fail  by 
rotating  up  and  onto  the  ice.  If  these  barriers  are  relatively  "smooth"  so 
as  not  to  allow  ice  to  sway  on  the  barrier  during  relative  along-the-boom 
motion  or  abrade  the  barrier,  then  they  still  may  be  useful  in  a  deflection 
mode,  for  example,  used  to  deflect  clean  flowing  broken  ice  away  from  contami¬ 
nated  areas.  The  Coast  Guard-developed  High  Seas  Oil  Containment  Barrier, 
utilizing  an  external  tension  line,  does  not  exhibit  the  failure  mode  of  con¬ 
ventional  barriers  as  demonstrated  during  USCG  tests  off  Homer,  Alaska,  in 
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November  and  December  of  1973.  However,  any  boom  with  external  tensioning, 
because  it  does  not  allow  ice  load  relief  by  riding  up  onto  the  ice,  will 
eventually  be  subject  to  structural  failure  and/or  mooring  system  failure  if 
used  in  a  strictly  containment  mode. 

Because  of  the  new  dynamic  phenomena  introduced  by  the  movement  of 
ice  chunks  and/or  floes,  new  tactics  for  containment  and  cleanup  will  need  to 
be  developed  in  addition  to  necessary  modifications  of  equipment.  Such  new 
developments  should  result  from  ongoing  U.  S.  Coast  Guard  proarans  of  testing 
and  evaluating  spill  response  equipment  under  Arctic  conditions. 

D.  THE  USE  OF  SORBENTS  ON  WATER 

The  efficiency  of  containment  and  cleanup  of  oil  spills  on  water  is 

usually  improved  by  the  use  of  sorbent  materials  to  restrict  oil  spreading  and 

to  act  as  preliminary  pickup  devices  to  be  subsequently  harvested.  As  re- 
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ported  by  McMinn,  ,  the  use  of  sorbents  is  of  limited  utility  under  Arctic 
conditions  due  to  mixing  requirements  and  the  increased  viscosity  of  the 
spilled  oil.  In  the  more  temperate  areas,  it  is  expected  that  sorbents  will 
be  useful  if  effective  harvesting  techniques  are  available. 
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Although  many  products,  both  natural  and  artificial,  have  been  pro¬ 
posed  for  use  as  oil  sorbent  agents,  certain  operational  restrictions  dic¬ 
tate  what  could  actually  be  used  in  postulated  Alaskan  spill  situations.  The 
primary  requirements  are  going  to  be  related  to  the  logistics  of  supply, 
application,  and  subsequent  harvesting.  The  general  properties  of  sorbents 
are  compactly  reviewed  in  Reference  2.  The  general  concensus  at  this  time 
is  that  in-situ  generation  of  synthetic  foam--high  tensile  strength,  indus¬ 
trial  polyurethane  foam--would  be  most  preferable,  with  the  current  state-of- 
the-art  dictating  storing  pre-manufactured,  pre-packaged  (in  compressed  form 
for  ease  of  storage,  handling,  and  transport)  foam  at  selected  locations.  At 
this  time,  insufficient  information  exists  about  the  probable  logistics  of 
USCG  spill  response  in  Alaskan  waters  to  recommend  specific  storage  locations. 
Based  on  Battel  1  e*  s  analysi^7of  current  logistics,  one  could  select  nominal 
locations;  however,  the  calculated  response  times  from  these  locations,  for 
the  most  part,  limit  the  effective  use  of  sorbents.  The  pre-packaged  sor¬ 
bents  should  probably  have  air  drop  capability  for  most  expected  response 
scenarios. 

With  reoard  to  the  use  of  sorbents,  it  is  noted  that  use  on  water 
should  only  be  initiated  if  harvesting  is  possible,  and  It  can  be  assuned  that 
almost  all  sorbents  can  be  recovered  during  any  given  cleanup  operation.  Since 
oil  locked  in  a  sorbent  cannot  disperse  due  to  natural  mechanisms,  and  biode¬ 
gradation  beyond  the  surface  layers  Is  also  1  imi ted,  the  Impact  of  non-recovered 
oiled  sorbent  may  be  larger  than  the  free  oil  if  weather  conditions  interrupt 
harvesting  operations  and  the  sorbent  becomes  widely  scattered.  Finally,  one 
notes  that  increased  viscosity,  as  a  result  of  weathering  and  low  temperature. 
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will  substantially  decrease  the  effectiveness  of  the  rrajority  of  sorbent 
materials. 

E.  PHYSICAL-CHEMICAL  TREATMENT  OF  OIL  SPILLS  ON  WATER 

In  addition  to  physical  containment  and  mechanical  and/or  manual  pick¬ 
up  of  oil  spilled  on  open  water,  other  methods  such  as  dispersion,  sinking, 
gelling,  or  coagulation  and  combustion  have  been  proposed. 

(1)  DISPERSION 

Dispersion  of  oil  in  the  water  column  can  be  accomplished  either 
mechanically  or  chemically.  Mechanical  dispersion  activity,  as  a  result  of 
agitation  of  the  oil  with  high-pressure  water  jets,  mixing  action  of  toat 
propellers,  etc.,  usually  accomplishes  precisely  the  opposite  of  the  de¬ 
sired  effect.  Instead  of  small  oil  droplets  dispersing  through  the  water 
column,  highly  stable  water-in-oil  emulsions  are  formed  which  persist  for 
long  periods  of  time.  Such  emulsions  also  result  from  natural  wave  action 
(  c.f.,  Section  5-E-c)  during  storms.  As  a  consequence,  mechanical  dispersion 
activity  should  normally  be  avoided. 

The  use  of  chemicals  to  disperse  oil  slicks  has  been  under  study  for 
many  years  and  the  controversy  regarding  the  merits  and  shortcomings  of 
chemically  dispersing  oil  spills  is  far  from  resolved.  Dispersants  can,  in 
general,  be  classed  as  self-mixing  (requiring  no  external  mixing  energy)  and 
"conventional"  (requiring  input  of  mixing  energy  after  the  dispersant  has 
been  applied  to  the  oil  slick).  Because  of  operational  restrictions,  conven¬ 
tional  dispersants  will.  In  all  likelihood,  be  of  limited  utility  for  Alaskan 
spills;  therefore,  their  characteristics  are  not  reviewed  herein. 
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Self-mixing  dispersants  do  present  potential  utility  and,  hence,  MSNW  re- 
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viewed  the  state-of-the-art  here.  Canevari  '  extensively  reviewed  the 
utility  of  self-mixing  dispersants  as  well  as  elaborated  on  the  mechanisms 
of  dispersion  involved. 

Self-mixing  dispersants  form  uniform  sub-micron  diameter  oil  droplets 
through  surfactant  diffusion  into  the  water  column.  As  the  surfactant  com¬ 
ponents  of  a  self-mix  dispersant  formulation  diffuse  into  the  water  column, 
small  droplets  of  oil  associate  with  the  surfactant  resulting  in  effective 
dispersion  through  some  2  to  5  m  of  the  v/ater  column  because  of  the  dif¬ 
fusion  mechanisms.  Subseguent  vertical  dispersion  occurs  due  to  orbital 
water  movement  associated  with  waves  and  any  shear  currents  that  may  exist 
in  a  region.  Because  of  the  extremely  small  size  of  the  dispersed  oil,  re¬ 
surfacing  is  unlikely  --Canevari  noted  that  the  sub-micron  droplets  exhibit 
Brownian  motion. 

The  absence  of  mechanical  mixing  requirements  and  improved  effective¬ 
ness  of  the  self-mix  dispersants  may  allow  their  application  through  suitably 
developed  aerial  dusting  techniques  to  large  slicks  in  open  water.  Whether  or 
not  such  dispersants  can  be  used  depends  on  the  legislative  restrictions 
governing  their  use  in  effect  at  the  time  of  the  spill.  At  the  present  time, 
conventional  dispersants  are  routinely  used  in  parts  of  the  world-*1  other 
than  the  U.S.;  the  National  Contingency  Plan*^  at  this  time  specifies  under 
what  conditions  dispersants  may  be  used,  subject  to  USC6  and  EPA  approval, 
for  any  specific  incident.  The  regulations  governing  the  use  of  dispersants 
should  be  periodically  reviewed  as  new  information  regarding  effectiveness. 
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toxicity,  and  eventual  fate  of  dispersant  and  dispersant/oil  combinations  is 
developed. 

Dispersant  use  is  regulated  to  minimize  the  environmental  impact  of  a 
given  spill  due  to  toxicity  considerations.  Numerous  bioassay  tests  have 
been  conducted  on  dispersant  toxicity  and  dispersed  oil  toxicity.  The  results 
usually  indicate  (Battel 1e33, 34 )  that  oil,  chemically  dispersed,  is  toxic  at 
lower  concentrations  because  the  dispersed  oil  is  made  more  available  to 
marine  organisms.  However,  care  must  be  taken  in  applying  laboratory  bio¬ 
assay  results  to  predicting  impacts  in  the  open  environment.  In  real  spills, 
the  degree  of  dispersion  (and  consequent  dilution)  in  the  water  column  will 
depend  on  many  physical  variables  (c.f..  Section  5-D)  and  the  degree  of 
weathering.  Studies  of  the  toxicity  and  eventual  fate  of  finely  dispersed 
oil  in  the  open  environment  are  necessary  over  long  periods  of  time  in  order 
to  correctly  assess  whether  or  not  self-mixing  dispersants  will  prove  to  be  an 
effective  tool  for  combatting  spills.  Since  other  counties  are  using  disper¬ 
sants  of  various  types  extensively,  such  real  spills  should  be  studied  to 
correlate  laboratory  results  with  what  may  be  expected  in  the  field. 

(2)  SINKING 

Sinking  agents  are  oil-attracting  and  water-repelling  sorbent  materials 
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designed  to  sink  oil  particles.  Existing  legislation  prohibits  thp 
use  of  sinking  agents  on  navigable  waters  of  the  U.  S.  Various  studies  both 
in  the  U.S.  and  abroad  have  investigated  the  utility  and  effectiveness  of 
different  sinking  agents.  Since  most  sinking  agents  have  to  be  applied  in 
high  sinking  agent  weight  to  oil  weight  ratio  (one-to-one  or  higher),  the 
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logistics  of  widespread  use  in  Alaskan  waters,  even  if  permitted,  would 
be  prohibitive.  Furthermore,  since  even  less  is  known  about  the  eventual  fate 
of  sunken  oil  and  its  effects  on  the  overall  biotic  chain  than  about  dispersed 
oil,  use  of  sinking  as  a  method  of  cleanup  cannot  be  advocated  at  this  time. 
Much  more  about  the  degradation  of  sunken  oil  still  needs  to  be  learned. 


(3)  GELLING  OR  COAGULATION 

It  has  been  proposed"*5  that  gellation  of  the  headwave  region  of  an  oil 
slick  (Fig.  6-1  )  may  accomplish  a  reduction  of  oil  entrainment  losses  from 
boom  contained  slicks  and,  hence,  aid  in  the  containment  and  cleanup  efforts. 
The  state-of-the-art  of  using  gellation  techniques  (as  well  as  other  chemi¬ 
cal  means)  to  increase  containment  effectiveness  has  been  reviewed  by 
Rensselaer  Polytechnic  Institute14  under  contract  to  the  USCG.  Gellation  of 
oil  slicks  has  been  discussed,  but  no  record  exists  of  field  trials. 

Corlno35  discussed  gellation  along  with  dispersion,  Fuller3^  considered 
gellation  and  absorption,  and  Dewling  and  Dorrier38  considered  qellation  as 
an  auxiliary  to  the  use  of  "oil  herders"  or  chemical  barriers.  The  draw¬ 
backs  to  field  use  of  gel  1  ants  are  the  large  quantities  ( gel  1  an t/oi 1  ratio 
high)  required  and  the  mixing  requirements.  If  the  gel  1 ant/oi  1  ratio  can 
be  significantly  lowered  and  the  toxicity  reduced  (most  aellants  available 
today  are  toxic  to  some  degree),  then  gellation  as  a  means  to  improve  con¬ 
tainment  and  cleanup  efforts  will  become  attractive. 

(4)  BURNING 

Burning  of  oil  on  the  sea  has  been  proposed,  and  some  field  trials 

attempted,  but  this  method  does  not  appear  a  feasible  one  for  Alaskan  spills. 
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To  have  any  chance  of  success,  the  oil  must  be  fresh  and  in  reasonably  thick 
continuous  slicks.  In  view  of  the  anticipated  response  times*^  for  most 
Alaskan  spills,  the  evaporation  processes  will,  in  general,  have  removed 
almost  all  of  the  highly  flammable  components  from  the  oil,  hence  burning 
would  prove  difficult  even  with  the  aid  of  incendiary  materials  and  burning 
aids  (wicking  agents).  For  wicking  agents  to  work,  practically  all  the  oil 
must  be  covered  by  the  added  material;  the  implied  volume  and  distribution 
task  plus  subsequent  ignition  make  the  use  of  burning  on  the  open  water  a 
practical  impossibility.  Use  of  burning  agents  in  the  close  proximity  of 

.  m 

the  oil  spill  source  (distressed  tanker,  barge,  platform)  must  not  be  allowed 
in  case  the  flame  "feeds  back"  to  the  spill  source  creating  a  larger  problem 
both  from  a  safety  and  a  pollution  point  of  view. 

F.  CLEANUP  OF  OIL  SPILLS  ON  OR  UNDER  ICE 

The  methods  that  may  work  in  cleaning  up  oil  spills  on  or  under  ice 
that  is,  in  some  sense,  cohesive,  are  limited  by  the  increased  viscosity  of 
the  oil,  the  logistics  of  supporting  a  cleanup  effort,  the  problems  of  estab¬ 
lishing  a  working  base,  and  available  disposal  methods  for  the  recovered  oil. 
Field  experience  in  this  area  is  very  limited;  the  tests  of  cleanup  methods 
conducted  by  the  USCG^  are  not  really  indicative  of  the  accidental  spill 
situation.  However,  at  this  time  it  appears  that,  for  spills  on  the  surface 
of  the  ice,  manual  and  mechanical  harvesting  and  burning  are  the  only  viable 
methods.  For  spills  under  ice,  if  the  extent  and  boundaries  of  the  sub-ice 
oil  pool(s)  are  known,  cutting  access  holes  in  the  ice  and  pumping  appears  to 
be  the  only  method  available  today. 
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Manual  and  mechanical  cleanup  operations  on  oper,-sea  ice,  which  is 
continually  in  motion  with  leads  opening  and  closing,  will  be  determined  by 
the  availability  of  a  vessel  working  platform  and  depend  on  a  continual  moni¬ 
toring  of  the  ice  dynamics.  Personal  safety  considerations  will  need  to  be 
weighed  at  the  time  and  location  of  any  specific  spill. 

The  local  stability  of  the  ice  pack, and  hence  its  utility  as  a  work 
platform,  will  depend  on  specific  location  and  time  of  year.  If  the  spill 
occurs  either  during  freeze-up  or  break-up,  then  water-borne  vessels  will 
have  to  be  used  to  provide  a  work  platform.  During  mid-Winter,  the  leads 
formed  by  the  ice-breaking  action  of  either  the  distressed  tanker  or  cleanup 
vessels  will  close  quickly.  This  closure  will  cause  ridging  as  the  broken 
rubble  field  is  compressed  by  pack  pressure.  The  time  required  for  the  ridg¬ 
ing  to  stabilize  is  not  known  at  this  time.  An  overriding  consideration  for 
any  cleanup  activity  under  ice  conditions  is  a  problem  of  disposal  or  storage 
of  the  recovered  oil.  It  is  unlikely  that  the  str'.ken  vessel  would  have 
storage  space  available. 

From  these  considerations,  it  appears  that  the  only  feasible  method  of 
dealing  with  oil  spills  on  ice  is  burning.  Because  of  the  decreased  evapora¬ 
tion  rate  in  the  Arctic,  more  volatiles  will  be  retained  in  the  slick  and 
because  of  the  temperatures  involved  (plus  surface  roughness  effects),  the  oil 
will  lie  in  fairly  thick  pools.  These  factors  would  enhance  burning  of  the 
oil.  For  spills  under  ice,  one  would  "drill  for  oil"  and  pump  as  much  as 
possible  onto  the  ice  surface  for  subsequent  burning. 

Altnough  burning  appears  to  be  the  only  feasible  means  of  combating 
an  oil  spill  on  or  under  ice  at  this  time,  a  note  of  caution  is  in  order.  In 
Section  5-C-2-a,  the  possible  long-term  interaction  of  oil  and  the  ice  pack 
was  discussed  and  the  potential  adverse  effects  of  dispersed  oil  on  the 
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albedo  of  the  pack  noted.  Changing  of  the  albedo  interferes  with  the  current 
equilibrium  melt  and  growth  cycle  of  the  pack  and,  due  to  pack  motion,  this 
effect  is  probably  widely  distributed  in  the  Arctic.  It  is  well  known  that 
any  burning  of  oil,  particularly  crudes  and  heavy  fuel  oils,  results  in  ex¬ 
tremely  heavy  smoke.  At  this  time  it  is  not  known  what  the  particulate 
composition  of  the  smoke  is,  both  in  number  and  particle  size  distribution. 
Furthermore,  it  is  not  known  what  percentage  (by  weight  or  volume)  of  the 
original  oil  will  be  distributed  in  the  smoke  and  left  as  residue.  We  note 
that  both  the  residue  and  smoke  particles,  which  will  be  distributed  over  a 
very  large  surface  area  at  substantial  distances  away  from  the  actual  spill 
site,  can  be  effective  in  changing  the  albedo  of  the  pack.  The  distribution 
of  the  smoke  particles  by  the  winds  is  an  effective  means  of  (potentially) 
altering  the  surface  albedo  of  large  areas,  particularly  if  large  volumes 
of  oil  are  burned.  Work  to  clarify  these  questions  is  urgently  needed. 


G.  CLEANUP  METHODS  FOR  LAND 

Oil  that  is  spilled  on  open  water  will,  at  one  time  or  another,  come 
ashore  on  beaches,  tidelands,  mudflats,  and  rocky  headwalls.  In  addition, 
strictly  land-based  spills  can  occur  from  pipeline  and/or  tank  ruptures.  The 
extent  of  the  contamination  will  be  the  function  of  the  oil  characteristics 
(as  determined  by  the  degree  of  weathering  since  the  time  of  the  spill),  soil 
characteristics,  and  the  environmental  conditions  at  the  time  of  the  incident. 
These  factors  will  also,  to  a  large  extent,  dictate  the  type  and  extent  of 
specific  cleanup  activity. 
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The  principal  oil  characteristics  of  interest  here  are  estimated 
chemical  composition,  viscosity,  and  degree  of  emulsification  with  water, 
ice,  and  snow.  As  a  general  rule  of  thumb,  the  thicker,  more  viscous  oils 
will  be  easier  to  remove  from  loose  soil  such  as  sandy  beaches  and  more 
difficult  to  remove  from  solid  structures  such  as  rocks,  piling,  etc.  The 
lighter  oils,  on  the  other  hand,  present  more  serious  difficulties  in  sandy 
soils,  marshes,  and  mud  flats  due  to  the  possibility  of  deep  penetration 
of  the  supportinn  soil  layer,  and  do  not  pose  a  long-term  problem  on  solid 
structures  from  the  physical  adherence. 

Cleanup  activity  is  largely  dictated  by  the  basic  soil  characteristics 
of  the  contaminated  area  and  the  specific  topographical  features  involved. 

The  general  soil  types  influencing  cleanup  activity  are:  (1)  sand,  whether 
coarse  or  fine,  (2)  rock,  gravel,  cobblestone,  whether  smooth  or  irregular, 
and  the  nature  of  the  substrate  on  which  the  rock  rests,  (3)  mud  or  fine  silt 
such  as  in  mud  flats,  marshes,  etc.,  and  degree  of  vegetation  cover,  and 
(4)  tundra.  Furthermore,  since  most  objects  are  preferentially  wetted  by 
water,  the  degree  and  extent  of  contamination  will  depend  on  how  dry  a  given 
impacted  area  is.  For  example,  fine  sand  beaches  which  are  water-saturated 
will  not  retain  much  oil;  however,  there  will  be  a  certain  amount  of  contami¬ 
nation  by  the  water-soluble  aromatics  in  the  oil.  In  general,  we  may  note 
that  the  more  porous  the  soil  structure  and  the  lighter  the  contaminating 
oil,  the  deeper  and  more  pervasive  the  contamination. 

One  other  point  must  be  noted;  the  environmental  conditions  at  the 
time  of  the  incident  may  severely  modify  the  general  expectations  outlined 
above.  Pain,  snow,  ice,  heavy  surf,  and  wind  action  will  usually  increase 
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the  complexity  of  a  given  pollution  incident.  However,  one  may  note  that 
rain,  heavy  surf,  and  wind  action  will  aid  in  the  natural  dispersion  of  thn 
lighter  fractions  of  a  given  slid,  or  oil  mass.  The  heavier  fractions  will 
form  oil-water  emulsions--the  "chocolate  mousse"  noted  at  many  previous 
spills  where  severe  mixing  actions  were  present. 

■  ..a  principal  cleanup  and  restoration  methods  attempted  to  date  in 
previous  spill  incidents  may  be  outlined  as  follows: 

DISPERSION  PROCESSES 

1.  Emulsification  with  detergents  or  complexinq  agents. 

2.  Hydraul ic  dispersal. 

3.  Steam  cleanmq  (for  solid  structural  components). 

4.  Sand  blasting  (for  solid  structural  components). 

5.  Mix  inn  and  burying  or  site. 

REMOVAL  PROCESSES 

1.  Burninn,  either  direct  or  with  aid  of  burning  aqents. 

2.  Direct  mechanica1  and  manual  removal. 

3.  Pemoval  aided  by  sorbents. 

4.  Pemoval  aided  by  collecting  anenis  other  than  sorbents, 
e.q.,  gelling  agents,  polymerization  agents,  etc. 

5.  Sand  cleaning  on  site,  e.g.,  fluidized  beds. 

6.  Biodegradation. 

7.  Natural  scourirg  by  wind  and  wave  action. 

39 

Each  of  these  methods  is  reviewed  in  detail  by  Der  and  Ghormley  in  a  study 
for  Naval  Ship  Systems  Command. 
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(1)  EMULSIFICATION  OR  DISPERSION 

Emulsification  can  be  achieved  with  any  of  a  number  of  chemical  agents 
which  consist  of  molecules  having  one  or  more  oleophilic  (oil-seeking)  loca¬ 
tions  and  other  locations  which  are  hydrophilic  (water-seeking).  The  result 
is  a  formation  of  a  more  dilute  mixture  of  the  oil,  emulsifying  agent,  anc* 
water,  whether  the  water  is  adjacent  sea  or  stream  water  or  applied  spe¬ 
cifically  for  the  cleanup  operation.  Use  of  such  chemicals  is  explicitly 
governed  by  the  legal  provisions  of  the  National  Contingency  Plan.  Princi¬ 
pal  effects  of  dispersant  applications  are  to  increase  the  surface  area  of 
oil  in  contact  with  the  environment  (breakdown  of  oil  mass  cohesiveness,  hence 
formation  of  finer  droplets)  and  to  form  dispersant-oil  compounds  with 
(possibly)  uni  ,n  toxicity  characteristics  even  when  the  dispersant  itself 
may  be  non-toxic. 

Past  experience  with  emulsifying  or  dispersant  agents  on  beach  sur¬ 
faces  indicated  that  the  structural  integrity  of  the  beach  sands  will  be 
altered.  In  the  Ocean  Eagle  spill,  San  Juan,  Puerto  Rico,  use  of  dispersants 
turned  the  beaches  into  quicksand;  similar  effects  have  been  noted  by  some 
observers  in  Europe.  However,  although  the  use  of  emulsifyers  and  dispersants 
in  the  U.S.  would  probably  not  be  allowed  under  current  regulations,  it  is 
noted  that  European- recommended  codes  of  practice^  advocate  such  use  for 
beach  areas. 

(2)  HYDRAULIC  DISPERSAL,  STEAM  CLEANING,  SAND  BLASTING 

All  these  methods  are  based  on  the  dilution  principle  with  obviously 
increasing  impact  on  any  biota  affected  by  these  operations.  Hydraulic  dis- 
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dispersal  simply  involves  use  of  high-pressure  water  jets  to  agitate  the 
polluted  areas;  steam  cleaning  and  sand  blasting  are  obvious  processes.  These 
actions  have  been  taken  previously  for  cosmetic  reasons.  One  notes,  however, 
that,  with  exception  of  sand  blasting,  the  treated  surfaces  still  retain  a 
discoloration.  The  primary  effects  of  such  cleanup  efforts  (the  "under  the 
nozzle  effects")  are  compounded  by  the  mechanical  support  activity. 

(3)  MIXING  AND  BURYING  ON  SITE 

For  high  penetration  areas  contaminated  by  lighter  oil  products,  this 
technique  has  been  used,  after  surface  material  removal,  to  promote  evapora¬ 
tion  of  remaining  volatile  fractions,  enhance  biological  and  physical  degrada¬ 
tion,  and  dilute  the  contaminant.  Mixing  may  be  accomplished  manually  or 
mechanically,  e.g.,  harrowing  plows. 

(4)  BURNING 

Burning  as  a  method  of  beach  cleanup  has  been  attempted  at  various 
spills  in  the  past,  e.g.,  Santa  Barbara,  Chedabucto  Bay  (Arrow),  Portland 
(Tamano),  with  unsatisfactory  results.  Typically,  the  oil  is  weathered  sub¬ 
stantially  by  the  time  it  comes  ashore  for  a  beach  contamination  incident 
and  combustion  is  difficult  to  sustain.  In  addition,  the  residue  left  is 
more  difficult  to  clean  up  than  the  original  oil  or  oil  emulsion.  For  land- 
based  spills  In  the  Arctic,  burning  is  not  recommended  due  to  the  complete 
destruction  of  vegetation  resulting.  Studies  of  vegetation  recovery  in  the 
Arctic  following  fires  Indicate  a  very  slow  recovery  as  well  as  alterations 
to  the  ground-water,  permafrost  eoui librium  levels. 
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(5)  MANUAL  AND/OR  MECHANICAL  REMOVAL 

The  most  effective  means  of  cleaning  polluted  beaches  to  date  Involve 
some  combination  of  manual  and/or  mechanical  removal  aided  selectively  by 
sorbent  materials.  Sorbents  should  always  be  used  selectively,  taking  Into 
account  the  methods  to  be  used  for  collecting  the  sorbent/oll  mass  and  the 
nature  of  the  sorbents.  If  the  sorbents  are  not  compatible  with  the  cleanup 
methods  to  be  used  on  a  particular  area,  cleanup  may  be  hindered  rather  than 
aided. 

Various  mechanical  devices  may  be  used  to  aid  beach  and  land  spill 

cleanup,  such  as  motorized  graders, elevating  scrapers,  front-end  loaders, 

bulldozers,  draglines,  and  dump  trucks.  Evaluation  of  selected  earth-moving 

40 

devices  for  beach  cleanup  was  conducted  by  URS  Research  Company  for  EPA. 

The  effectiveness  of  any  particular  piece  of  equipment  depends  upon  the  type 
of  oil  and  beach  involved.  Applicability  to  various  Alaskan  spill  situations 
will  again  be  strongly  Influenced  by  logistics  considerations  as  well  as 
disposal  methods  and/or  sites  for  the  recovered  contaminated  material. 

Motorized  graders  are  designed  to  move  material  short,  lateral  dis¬ 
tances  by  side-casting  process  and  not  for  hauling  material  in  the  direction 
of  travel.  For  removing  thin  film,  say  0.5  to  1.0  In.  of  oily  sand  or  dirt, 
this  equipment  Is  efficient  when  used  In  combination  with  motorized  elevating 
scrapers.4®  The  motorized  graders  are  used  to  cut  and  remove  the  surface 
layers  and  pile  them  Into  windrows  which  are  then  picked  up  by  the  elevating 
scrapers.  If  oil  penetration  Is  deeper  than  1.0  in.,  graders  should  not  be 

39  40 

used.  ’  Also,  the  presence  of  rocks  or  cobbles  will  impair  the  effectiveness 
of  these  methods.  Terrain  must  be  gently  sloped  and  sufficiently  large  areas 
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involved  to  allow  for  maneuvering.  Because  of  the  large  size  and  weinht  of 
these  machines,  it  is  unlikely  that  they  will  be  useful  except  for  spill 
sites  near  roads  or  construction  sites  along  pipelines,  etc.  Motorized 
elevating  scrapers  are  useful  by  themselves  for  picking  up  moderate-depth 
contaminated  material,  say  1  tc  9  in.  in  depth. 

Wheeled  front-end  loaders  are  designed  for  digging,  loading,  and 
limited  transport  of  material.  They  can  be  used  to  remove  windrows  left  by 
scrapers  or  piles  resulting  from  manual  gatherino  efforts.  When  the  pene¬ 
tration  into  the  soil  is  deep,  say  9  in.  or  more,  these  vehicles  are  useful 
for  removal  of  the  material.  Because  of  the  smaller  sizes  available,  front- 
end  loadtrs  may  be  a  useful  aid  to  manual  operations  in  more  remote  and/or 
restricted  areas. 

Bulldozers  are  useful  for  removal  of  large  amounts  of  contaminated 
material  and  such  vehicles  are  available  in  a  wide  variety  of  sizes.  How¬ 
ever,  bulldozers  typically  re-work  the  oil  into  the  beach  as  a  result  of 
spillage  around  the  blade  and  track  action. 

The  state-of-the-art  for  beach  cleanup  has  been  summarized  by  Der 
and  Ghormley0*5  as  follows: 


A  review  of  beach  cleanup  operations  has  been  made.  Most  of  the 
documents  reviewed  do  not  give  sufficient  quantitative  data  for 
the  purpose  of  developing  precise  criteria  for  selection  of  pro¬ 
cedures  and  equipment,  or  for  estimating  cost,  equipment  and 
manpower  required.  Sufficient  data,  however,  were  obtained  for 
the  purpose  of  selecting  a  number  of  procedures  which  are  con¬ 
sidered  satisfactory  in  previous  cleanup  operations.  These 
should  be  adequate  for  most  of  the  cleanup  operation. 

No  effective  techniques  have  been  developed  to  remove  oil  from 
rocks.  Washing  with  hot  water  can  remove  most  of  the  oil  from 
the  rock  surface,  and  the  remainder  can  be  removed  by  sand  blast¬ 
ing,  which  is,  however,  slow  and  expensive. 
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Contaminated  cobbles  can  be  removed  by  using  draglines  and  front- 
end  loaders. 


For  beaches  with  sand  and  gravel  sediment,  the  contaminated 
materials  can  be  removed  by  various  mechanical  eguipments. 

The  selection  depends  on  the  depth  of  oil  penetration: 

1.  For  oil  penetration  of  up  to  1  inch,  combined  use  of 
road  graders  and  motorized  elevating  scrapers  is  most 
effecient. 

2.  For  oil  penetration  from  1  to  9  inches,  use  of  motor¬ 
ized  elevating  scraper  only  is  more  efficient. 

3.  For  oil  penetration  depth  of  greater  than  9  inches, 
wheeled  front-end  loaders  and  bulldozers  can  be  used, 
wheeled  front-end  loaders  being  more  effective  for 
firm  ground  and  bulldozers  more  effective  for  softer 
ground. 

In  general,  fine  sand  and  gravel  beaches  can  be  expected  to  be 
firm,  whereas  coarse  sand  beaches  are  soft  and  thus  not  likely  to 
be  able  to  support  wheeled  vehicles.  The  coarser  the  material 
and  the  lighter  the  oil,  the  deeper  the  oil  penetration.  Amount 
of  oil  is  a  factor  in  the  penetration  depth. 

The  above  apply  mostly  for  heavy  oils.  For  light  oils  on  rocks, 
most  of  the  contaminant  will  be  evaporated.  When  light  oil  soaks 
into  finer  material,  evaporation  can  be  enhanced  by  the  use  of 
beach  cleaning  machines  or  harrow  plows. 

The  use  of  detergents  increase  the  penetration  of  the  oil  and  re¬ 
sults  in  more  contamination  of  the  beach  than  originally  existed. 
The  detergents  emulsify  the  oil  in  water,  which  makes  it  more 
toxic  to  the  biota. 

The  quantity  of  oil  spilled  and  the  extent  of  the  beach  contamina¬ 
tion  are  related  to  factors  which  affect  the  procedure  selected 
for  beach  cleaning.  Contamination  of  beaches  from  natural  oil 
seeps  has  been  measured  at  oil  concentrations  varying  from  0.01 
to  3  oz/ft?  of  beach  surface  {based  on  a  500  f 1 2  area  of  measure¬ 
ment).  Such  a  concentration  of  oil  represents  a  severe  local 
contamination,  but  the  materials  have  been  found  to  disperse  in  a 
few  days  by  natural  processes. 

In  the  Torrey  Canyon  spill,  oil  concentrations  up  to  30  oz/ft^ 
of  sand  were  observed4".  Covering  the  oil  with  fresh,  clean  sand 
was  found  to  prevent  normal  hydraulic  drainage  of  the  beach,  and 
ultimately  resulted  in  accelerated  beach  erosion. 

Sorbent  materials  provide  sorption  surface  for  the  oil  upon 
arrival  ct  the  beach,  but  on  standing,  the  oil  tends  to  drain 
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into  the  sand.  Disadvantages  for  sorbents  are  the  costs  and 
problems  involved  in  gathering  and  disposing  of  the  material. 

Sand  cleaning  procedures  are  not  sufficiently  advanced  to  be 
considered  for  immediate  use  in  beach  cleanup.  With  further 
development,  these  processes  may  be  advantageo  »  for  cleaning 
beach  areas. 

Burning  of  oil  on  a  contaminated  beach  has  not  been  effective. 

It  is  difficult  to  ignite  the  oil  and  to  maintain  the  combus¬ 
tion.  Complete  combustion  is  not  usually  achieved  and  the 
residue  is  a  heavy  black  mixture  of  tar  and  charcoal.  The  use 
of  a  torch  or  flame  thrower  to  remove  oil  from  rock  outcroppings 
causes  spalling  which  is  hazardous  to  the  operators  and  disfigures 
the  rock  surface. 

A  summary  of  equipment  and  methods  for  beach  cleanup  is  given  in  Tables  6-1,2. 

H.  SUMMARY  OF  ARCTIC  CLEANUP  TECHNIQUES:  AN  EVALUATION 

In  the  above  sections,  MSNW  discussed  in  some  detail  the  salient  fea¬ 
tures  of  the  known  methods  for  combatting  Arctic  oil  spills  on  land  or  offshore. 
Clearly  the  effectiveness  of  all  techniques  will  be  a  function  of  how  well 
the  oil  can  be  contained  or  restricted  from  dispersion  and  this  in  turn 

depends  on  the  response  logistics.  Response  logistics  are  reviewed  by 
27 

Battelle  assuming  a  few  specific  staging  areas  for  containment  and  cleanup 
equipment*,  however,  as  the  oil  production  and  transshipment  activity  develops, 
new  staging  locations  close  to  high  risk  areas  will  need  to  be  established 
hence  altering  the  response  times  estimated  by  Battelle.  In  the  MSNW  evalua¬ 
tion  of  containment  and  cleanup  effects  for  the  17  study  locations,  the 
Battelle  response  times  were  used  except  as  noted,  with  the  understanding 
that  if  staging  areas  change,  the  corresponding  logistics  will  change  also. 

Because  of  the  (typically)  long  response  times  for  the  study  location, 
the  effectiveness  of  the  majority  of  oil  spill  countermeasures  is  drastically 
reduced.  In  all  water-based  spill  scenarios  (except  St.  Matthew  Island,  see 
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TABLE  6-1  •  METHOD/ EQUIPMENT  FOR  CLEANUP  OF  SAND  AND  GRAVEL  BEACHES 


Size 

of 

Area 

Type 

of 

Oil 

Depth  of  Penetration 

Type  of  Beaches 

Fine  Sand 

Coarse  Sand 

Gravel 

Large 

Heavy 

shallow  (1/2”  to  1”) 

Grader  +  ES 

Grader  +  ES 

-- 

moderate  (1  ”  to  9  * ' ) 

ES 

ES 

ES 

deep  (>9”) 

-- 

Bulldozer 

WFEL*  or 
Bulldozer 

Light 

-- 

Harrow  plow  or  beach  cleaning 
machine 

Small 

Heavy 

-- 

Manual  removal  and  replacement  of 
sand 

Light 

-- 

Mtuiual  removal ,  rake 

Notes:  ES  -  Elevating  scraper. 

WFEL*  -  Wheeled  front-end  loader,  for  firm  ground  only. 


TABLE  6-2  .  METHOD/EQUIPMENT  FOR  CLEANUP  OF  BEACHES  WITH 
COBBLES  AND  BOULDERS 


Oil 

Cobbles 

Boulder 

Heavy 

Draglines  or  WFLL  for 
large  area.  Manual 
removal  for  small  area 

Hydraulic  and  steam  cleaning 
followed  by  sand  blasting 

Light 

Hydraulic 

SOURCE:  Der,  J.  J.  and  E  Ghormley,  OIL  CONTAMINATED  BEACH  CLEANUP , 
Technical  Note  N-1337,  Civil  Engineering  Laboratory,  Naval 
Construction  Battalion  Center,  Port  Hueneme,  California, 
April  1974.  6.37 


specific  discussion  Section  2-10-C),  it  is  assumed  that  containment  boom  and 

some  type  of  skimming  device(s)  will  be  deployed  even  if  the  response  time  is 

long.  Analysis  of  past  spill  experiences  indicated  that  booming  and  skimming 

vary  greatly  in  effectiveness  depending  on  the  degree  to  which  the  oil  is 

dispersed.  As  noted  above.  Loom  failure  due  to  sea  (and/or  ice) 

conditions  and  skimmer  failure,  both  functionally  and  from  a  personnel  safety 

point  of  view,  are  the  principal  limitations  to  field  use  noted  by  McLeod 
42 

and  McLeod  in  their  review  paper.  The  potential  effectiveness  of  boom  and 
skimning  devices  will  be  strongly  influenced  by  the  expertise  and  Arctic  field 
experience  of  the  personnel  employing  these  devices.  The  U.S.  Coast  Guard's 
Strike  Force  personnel  have  and  will  continue  to  test  and  evaluate  spill 
response  equipment  in  the  Arctic  environment.  A  further  limitation  on 
skimmer  use  (as  well  as  manual  harvesting  operations)  is  the  availability  of 
storage  and  disposal  of  the  recovered  oil,  particularly  in  more  remote  off¬ 
shore  spills.  Booms  and  small  skimmers  may  be  air  delivered,  but  the  prob¬ 
lem  of  air  deliverable  storage  units  for  skimmer  support  still  needs  to  be 
addressed. 

Experience  in  cold  regions  to  date,  with  conventional  dispersants 
has  been  disappointing  due  to  the  mixing  energy  requirements  as  well  as  the 
increased  oil  viscosity  effects.  In  all  likelihood,  any  water-based 
dispersant,  whether  conventional  or  self-mixing,  will  not  be  of  any  use  in 
the  cold  waters  of  the  Arctic  Ocean  and  Bering  Sea,  depending  on  time  of  year, 
due  to  freezing  problems.  However,  the  development  of  self-mixing,  non-water 
based  dispersants  for  cold  regions  must  be  pursued  as  well  as  efforts  to 
decrease  or  eliminate  dispersant  toxic  effects  and/or  synergistic  toxic 
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effects  of  oil/dispersant  mixtures.  In  view  of  the  logistics  times  involved 
and  (potentially)  large  water  areas  impacted,  dispersant  delivery  by  air  and 
"crop-dusting"  application  may  prove  a  viable  means  of  oil  spill  treatment. 

A  tradeoff  will  always  exist  between  the  toxic  effects  of  dispersed  oil  and 
the  potential  for  accelerated  biodegradation  (c.f.,  Section  6-B) .  One  may 
also  consider  bacterial  seeding  of  slicks  in  conjunction  with  dispersion; 
however,  the  effects  of  introducing  foreign  cultures  into  a  given  environ¬ 
mental  a*iea  must  be  clearly  understood  before  such  action  is  undertaken. 

Mechanical  cleaning  of  solid  structures  with  either  sand  blasting 
or  steam  cleaning  equipment  can  only  be  considered  for  limited  areas  of 
impact,  whereas  oil  will,  to  some  extent,  adversely  affect  biota  indiqenous 
to  such  solid  structures,  the  mechanical  cleaning  will  most  certainly  destroy 
the  biota.  The  ultimate  effects  of  such  cleaning  operations  will  depend  on 
the  rate  of  repopulation--at  this  time  little  data  is  available  on  repopula¬ 
tion  dynamics  for  the  Alaskan  conditions  of  interest  in  this  study. 

Similarly,  the  use  of  mechanical  beach  cleaning  devices  and  sand 
cleaning  devices  on  site  has  been  explored,  and  while  they  do  present  an 
effective  means  of  beach  cleaning,  use  cannot  be  advocated  except  for  essen¬ 
tially  sterile  beach  sections.  In  all  likelihood,  selective  and  careful 
manual  cleanup  is  more  preferable  by  far. 

The  most  effective  means  of  oil  disposal  (and  in  cases  of  heavy 
aggregation,  cleanup)  is  burning,  either  with  or  without  burning  agents. 
Certainly  for  ice  situations,  this  method  appears  to  be  the  only  viable  one 
at  this  time,  subject  to  a  further  investigation  of  smoke  and  combustion 
product  effects  (c.f.,  Section  6-B).  Burning  always  needs  to  be  carefully 
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controlled  and  personnel  safety  Is  a  major  consideration  when  large  quantities 
of  oil  are  to  be  burned.  Even  though  the  literature  indicated  that  In  many 
cases  burning  may  not  work,  analysis  of  the  specific  Incidents  shows  that 
either  the  oil  had  spread  to  a  thin  slick  or  emulsion  had  been  generated 
Inhibiting  burning. 

The  role  that  natural  biodegradation  processes  play  in  the  natural 
cleanup  of  oil  contaminated  areas  has  been  discussed  in  Section  5-E-3.  While 
It  Is  certain  that  bacteria  capable  of  degrading  some  hydrocarbon  components 
of  certain  oils  are  indigenous  to  all  the  17  sites  investigated,  the  effec¬ 
tiveness  and/or  time  required  for  the  biodegradation  process  is  open  to  ques¬ 
tion.  Enhancement  of  bacterial  action  can  be  achieved  by  fertilization  with 
nitrogen  and  phosphorous  compounds,  but  further  work  is  necessary  to  assess 
the  advisability  of  such  methods. 
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SECTION  7.  MATRIX  METHOD  TOP  IMPACT  EVALUATION 


A  matrix  evaluation  technique  was  adopted  to  simplify  the  characteri¬ 
zation  of  complex  system  scenarios.  This  section  of  the  report  discusses 
general  aspects  of  P'atrix  methodolooy  and  examples  of  past  matrix  uses  to 
characterize  the  environment,  the  evaluation  logic  for  this  study,  the  study 
matrix,  and  its  meaning  and  interpretation. 

It  is  important  to  bear  in  mind  the  followino  in  regard  to  the 
approach  adopted  for  analyzing  impact  of  spilled  oil  in  the  Alaskan 
envi ronment: 


•  The  matrix  values  do  not  have  a  known  correlation 
with  any  quantified  measure,  such  as  dollar  cost. 
They  are  only  relative  values  to  be  compared  with 
each  other. 

•  All  oil  spills  are  assumed  to  be  detrimental.  They 
waste  a  scarce  resource,  introduce  toxic  materials 
into  the  environment,  and  are  costly  to  contain  and 
clean  up. 

•  The  evaluation  is  made  from  the  perspective  of  man. 
This  is  particularly  evidenced  in  judgments  on 
importance  of  species. 

•  The  analysis  is  applied  to  sinqie  events  only.  The 
effect  of  chronic  spill  histories  is  beyond  the 
scope  of  this  study. 


A.  GENERAL  ASPECTS 

Basically,  a  matrix  is  a  logic  tool  used  to  characterize  an  object. 
Matrices  are  used  to  represent  objects  which  are  described  by  independent 
components.^  For  example,  a  topographical  map  is  a  matrix  representation 
of  discrete  values  of  altitude  occurrino  in  a  bounded  area. 


If  we  say  that  an  object.  A,  is  a  function  of  variables  b,  c,  d,  and 


e,  i.e., 


A  =  F(b,c,d,e) 


where  F  is  the  functional  relationship,  then  A  can  be  described  by  the 
matrix  {a^^l,  comprised  of  the  set  of  all  discrete  values  of  A  derived  by 

a.  ...  «  F(b.,c.,d  ,e  ) 
i  jk£  i  j  k  £ 

where  b^,  Cj,  dk,  and  e^  are  discrete  values  of  the  continuous  variables 

and  a...„  are  the  elements  of  the  matrix  characterizing  A. 
ijkJt 

The  dimension  of  a  matrix  was  defined  by  the  number  of  independent 
variables  and  the  size  of  the  matrix  by  the  numbers  of  discrete  values  of 
the  independent  variables.  For  example,  if  there  are  four  independent 
variables  with  10,  7,  20,  and  2,  discrete  values  of  each  variable,  then 
the  matrix  is  called  a  four-dimensional  matrix  of  size  10  x  7  x  20  x  2. 

This  particular  example  is  thus  a  matrix  with  2,800  elements. 

The  attraction  of  usinq  a  matrix  lies  in  characterizing  a  complex 
object  depending  on  variables  whicn  can  have  an  infinite  number  of  values  by 
describing  a  finite  set  of  elegants  depending  on  a  finite  number  of  values 
of  the  variables. 


B.  MATRIX  CHARACTERIZATION  OF  THE  ENVIRONMENT 

The  problem  with  assessing  the  state-of-the-environment  can  be  called 
the  problem  of  quantifying  the  unquantifiable.  Measures  exist  for  some 
environmental  parameters  (e.g.,  aspects  of  air  quality  and  water  quality), 
cut  the  number  of  measurements  and  degree  of  coverage  is  limited  by  time  and 
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monetary  constraints.  Other  aspects,  for  example  aesthetics,  depend  nreatly 
on  individual  human  perception  and  thus  are  measurable  only  in  a  oross  sense. 
Matrix  evaluation  of  the  environment  is  attractive  due  to  the  magnitude  and 
complexity  of  the  parameters  involved. 

Matrix  methods  have  been  used  in  the  past  in  evaluation  of  aspects  of 
2  5  2 

the  environment.  Burnham,  et  al . ,  used  a  "decision  matrix"  to  evaluate 
alternatives  of  design  and  site  locations  for  nuclear  power  plants.  They 
used  a  linear  model,  assigning  technical  rations,  a-j,  for  the  ith  criterion 
and  the  j™  site/design  option  and  weightino  each  criterion  with  a  social 
value,  v^.  The  resultant  rating  for  the  option  is  then  represented  by 
the  sum. 


n 

r  v  ■  a  ■  • 

£  rij 

i=l 

where  n  =  the  total  number  of  criteria. 

In  examining  the  assumption  of  linearity  of  values,  they  discussed  the 
concept  of  marginal  utility  applied  to  environmental  "commodities."  As  an 
example,  they  used  dissolved  oxyqen  as  a  measure  of  water  quality.  This  is 
illustrated  in  Figure  7-1.  The  marginal  utility  of  the  "next  unit"  of  water 
quality  is  given  by  the  slope  of  the  curve.  In  the  illustration,  the 

? 

marginal  utility  decreases  with  increasing  water  quality.  Burnham,  et  al . 
discussed  three  regions  in  the  water  quality  curve,  very  low  water  auality-- 
Region  A,  median--Region  B,  and  very  high--Region  C.  They  pointed  out  that 
since  water  quality  statutes  eliminate  consideration  of  Region  A  for  a 
potential  site  and  since  design  economics  would  preclude  consideration  of 


7-3 


>- 


W31SAS  b3iVM  JU  3fH\/A 


7-4 


WATER  QUALITY  AS  INDICATED  BY  DISSOLVED  OXYGEN 


areas  of  very  high  water  quality  (Region  C),  Region  B  covers  the  degree  of 

water  quality  applicable  to  their  particular  concern.  In  this  region,  they 

argued  that  the  slope  can  be  approximated  by  a  straight  line  so  that 

marginal  utility  of  water  quality  has  the  same  value  throughout  Region  B. 

These  considerations  offset  the  very  strong  dependence  of  value  on  the 

2 

overall  level  of  water  quality.  The  assumption  that  values  of  environmental 

parameters  are  linear  is  a  gross  approximation  which  is  not  justifiably 

applicable  to  systems  of  very  poor  quality  or  very  high  qjality. 

3 

Booz-Allen,  Inc.  discussed  the  application  of  matrix  evaluation 
methods  to  the  analysis  of  "Quality  of  Life"  (00L).  QOL  encompasses  both 
human  and  natural  environment  as  viewed  from  the  individual's  perspective. 
They  pointed  out  that  the  quality  of  the  environment  is  dependent  on  the 
values  of  the  society  and  the  costs  willing  to  be  borne  by  the  citizens. 

In  a  manner  similar  to  Burnham,  et  al.,  Booz-Allen,  Inc.  postulated  a  form 
for  the  QOL  index  by 


QOL  =  f(Ir  I2,  ....  In) 

where  ^ ,  I2>  etc.,  are  satisfaction  Indicators.  "A  key  factor  in  developing 
environmental  QOL  components  is  weighting  them.  This  Is  done  through  a 

3 

series  of  trade-off  analyses."  Given  the  weighting  factors  (w^),  the  re¬ 
sulting  expression  for  QOL  Is 

n 

QOL  -  l  w,I. 

1-1  1  k 
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which  is  directly  analogous  to  the  Burnham,  et  al . ,  technical  rating  agqre- 
gate.  Booz-Allen  also  discussed  the  problems  of  individualistic  viewpoints 
and  number  of  potential  measurements  as  they  bear  on  development  of  weiqht- 
ing  factors. 

4 

Whipple  approached  the  evaluation  of  the  Delaware  Estuary  System 

from  a  matrix  utilization  position.  He  stated,  "...although  there  are  many 

different  approaches  and  different  points  of  view  regarding  environmental 

quality,  the  problem  of  evaluating  is  not  an  insuperable  one.  Many  of  the 

relevant  parameters  are  possible  of  description  and  some  of  them  are  evalu- 

4 

able  in  money  terms." 

5 

Whitman,  et  al.,  developed  an  environmental  evaluation  system  aimed 
to  be  broad  enough  to  include  all  relevant  environmental  measures  and  indi¬ 
cators.  The  system  consists  of  four  levels  made  up  of  four  major  cateoories, 
17  environmental  components,  and  66  environmental  parameters.  Each  parameter 
is  additionally  broken  down  into  one  or  more  specific  measurements,  as 
appropriate.  Weighting  factors  for  the  various  elements  are  derived  via 
Delphi  technique. 

MSNW  used  an  environmental  ratina  matrix  to  analyze  potential  power 
facility  sites.®  Five  major  cateoories  were  selected  as  a  basis  and  these 
were  broken  into  a  total  of  14  sub-components.  Rating  values  for  the  compon¬ 
ents  were  defined,  and  weiqhtina  factors  were  assigned  followinn  a  review  of 
issues  raised  during  prior  developments  and  the  nature  of  the  power  facility. 
The  system  was  used  on  a  relative  basis  to  point  out  those  sites  (out  of  a 
list  previously  identified)  which  would  merit  first  considerations  in  de¬ 
tailed  environmental  study  and  siting  interest. 
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The  present  study  is  concerned  with  evaluating  the  environmental  im¬ 
pact  of  oil  spills  on  the  Alaskan  environment  at  17  selected  sites.  The 
components  and  parameters  which  come  to  mind  to  describe  the  Alaskan  en¬ 
vironment  at  these  sites  are  complex,  continuous,  changing,  and  numerous. 
Precise  measurements,  if  they  could  be  made,  would  probably  vary  over  many 

orders  of  magnitude.  The  decision  was  made  in  the  beginning  to  use  an  en¬ 
vironmental  matrix  analysis  approach.  The  following  paragraphs  detail  that 
approach. 

C.  ALASKAN  OIL  IMPACT  EVALUATION 

The  discussion  which  follows  addresses  the  evaluation  logic  and  then 
the  development  of  the  study  matrix.  The  specific  tasks  encountered  in¬ 
cluded  the  definition  of  the  evaluation  logic,  the  selection  of  categories 
and  components  of  the  matrix,  the  selection  of  indicators,  and  the  defini¬ 
tion  of  weighting  factors  and  values. 

The  definition  of  values  recalls  the  problem  of  quantifying  the  un- 
quantif iable.  Each  particular  matrix  evaluation  for  a  given  spill  scenario 
at  a  particular  site  has  value  only  in  relation  to  all  the  other  matrix 
evaluations.  This  is  a  direct  result  of  the  need  to  use  gross  value  esti¬ 
mates  for  many  of  the  parameters.  The  number  assigned  to  a  particular  re¬ 
sult  has  no  known  correlation  with  some  single,  precise  measure,  like  dollar 
cost.  The  number  only  serves  to  indicate  whether  it  is  worse  than  another 
scenario  or  not  as  bad  as  another  scenario. 

The  following  general  observations,  assumptions,  and  caveats  should 
be  kept  in  mind  in  regard  to  the  analysis: 
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•  All  oil  spills  are  assumed  to  be  detrimental  because 
they  waste  a  scarce  resource  and  they  introduce  a 
toxic  material  into  the  environment.  Thus,  the  range 
for  the  scenarios  should  extend  from  bad  to  very  bad. 

•  The  general  observation  of  ecosystem  stability  corre¬ 
lated  with  increased  species  divergence  is  addressed 
in  estimations  of  short-term  and  long-term  impact. 

The  more  species  of  animals  and  plants  present  and 
affected,  the  q-eater  the  short-term  impact  of  an  oil 
spill, and  the  :re  retentive  the  ecosystem,  the 
greater  the  long-term  impact. 

•  It  is  impossible  to  precisely  define  short-term  and 
long-term.  By  short-term,  we  mean  that  period  of  time 
in  which  the  oil  is  visually  observable.  Long-term 

is  meant  to  correspond  to  the  time  during  which  the 
area  recovers  to  its  original  state. 

•  The  anaTysis  is  applied  to  single  events  only.  The 
question  of  the  effect  of  chronic  spills  is  beyond  the 
scope  of  the  study. 

•  All  judgments  on  environmental  importance,  etc.,  are 
subjective  -  viewed  from  man's  perspective. 

•  The  analysis  uses  estimates  of  effects  on  only  biota 
to  characterize  the  environmental  impact  of  oil. 


(1)  EVALUATION  LOGIC 

In  order  to  clarify  the  evaluation  procedure  before  employing  it  at 
the  study  sites,  a  logic  chain  was  constructed.  This  consisted  of  a  pro- 
gressional  set  of  questions  to  be  applied  to  each  scenario.  Tables  7  -1  and 
7-2  show  the  question  sets  for  spills  without  and  with  cleanup.  Figure  7-2 
illustrates  the  process.  Beginning  with  the  cataloging  of  the  habitats  at 
the  spill  area,  the  spill  scenario  is  developed  through  the  computer  simula¬ 
tion  according  to  the  type  of  oil,  the  volume  spilled,  and  the  wind  and  cur¬ 
rent  conditions.  The  information  on  slick  location  with  time  is  then 
analyzed  for  degree  of  habitats  impacted,  i.e.,  organisms  reached  by  the  oil. 
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TABLE  7-1.  LOGIC  PROCESS  TO  DECISION  ON  BIOLOGICAL  IMPACT 


A.  SPILLS  WITHOUT  CLEANUP 

(1)  Is  the  organism  at  the  site  at  the  time  of  the  spill? 

(2)  Is  the  organism  (at  any  life  stage)  located  at  the  site  in 
a  position  to  be  contacted  by  the  oil  product? 

(3)  Does  the  oil  product  reach  the  waters  of  the  sea?  (Special 
situation  where  fast  ice  keeps  oil  products  from  the  water.) 

(4)  How  sensitive  is  the  organism  to  oil  products? 

(5)  How  and  when  does  the  oil  come  into  contact  with  the  organism? 
(Physical,  chemical  contact,  or  both.) 

(6)  Can  the  organism  sense  and  escape  the  oil  product? 

(7)  Is  the  organism  (a)  injured  by  the  oil  product  (including  dis¬ 
ruption  of  senses,  behavior,  etc.),  (b)  killed  by  the  oil 
product,  or  (c)  not  injured  at  all? 

(8)  Assuming  (a)  or  (b)  occur,  how  is  the  local  population  of 
those  organisms  impacted  in  the  short  term? 

(9)  If  impacted  in  the  short  term,  what  is  the  capability  of  the 
organisms'  population  to  recover?  Judge  the  impact  in  the 
long  term.  Such  factors  are  involved  as: 

(a)  The  numbers  of  the  organism  in  the  world,  state, 
and  local  area  (spectrum  range  from  extremely  en¬ 
dangered  species  to  very  abundant  organisms)  and 
the  numbers  killed  or  injured. 

(b)  Method  and  timing  of  reproduction. 

(c)  Feeding  methods  and  selected  foods. 

(d)  Mobile  or  sessile  nature  of  the  organism. 

(e)  Habitat  occupied  by  the  organism  involved. 

(f)  Environmental  retention  of  disruptive  oil 
products  (most  retention:  salt  marsh-mud  areas, 
least  retention:  open  coast  of  solid  rock). 
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TABLE  7-2.  LOGIC  PROCESS  TO  DECISION  ON  BIOLOGICAL  IMPACT 


B .  SPILLS  WITH  CLEANUP 

(1)  Is  the  organism  at  the  site  at  the  time  of  the  spill? 

(2)  Is  the  organism  (at  any  life  stage)  located  at  the  site  in 
a  position  to  be  contacted  by  the  oil  product  or  any 
aspect  of  the  cleanup  scenario? 

(3)  Does  the  oil  product  reach  sea  water  or  is  it  blocked  by 
fast  ice  or  totally  or  partially  prevented  from  reaching 
sea  waters  by  the  cleanup  method  imposed? 

(4)  Is  the  oil  product's  area  of  influence  reduced  over  the 
scenario  without  cleanup? 

(5)  How  sensitive  is  the  organism  to  the  oil  product  or  any 
aspect  of  the  cleanup  operation? 

(6)  How  and  when  does  the  oil  come  in  contact  with  the  organism? 

(7)  How  does  the  cleanup  operation  "contact"  the  organism? 

(8)  Can  the  organism  escape  the  oil  product  or  disruptive  cleanup 
operation? 

(9)  Is  the  organism  (a)  injured  by  the  oil  product  or  cleanup 
operation  (including  disruption  of  senses,  behavior,  etc.), 

(b)  killed  by  the  oil  product  or  cleanup  operation,  (c)  or 
not  injured  at  all? 

(10)  Assuming  (a)  or  (b)  occur,  how  is  the  local  population  of 
those  organisms  impacted  in  the  short  term? 

(11)  If  impacted  in  the  short  term,  what  is  the  capability  of  the 
organisms'  population  to  recover?  Judge  the  long-term  impact 
(see  factors  involved  listed  in  Spills  Without  Cleanup,  Number 
9  (a)  through  (f)). 


7-10 


FIGURE  7-2.  LOGIC  PROCESS  FLOW  DIAGRAM 
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Information  on  sensitivity  of  each  organism  to  oil  fractions  and  time/ 
toxicity  of  the  spill  is  plugged  in  to  estimate  the  short-term  impact. 
Estimations  of  the  recovery  potential  of  the  habitat's  organisms  and  the 
environmental  retention  of  the  oil  are  then  applied  to  estimate  the  degree 
of  long-term  Impact. 

(2)  STUDY  MATRIX 

The  study  matrix  was  defined  by  three  independent  major  categories: 
biota,  importance  of  species,  and  spill/cleanup  impact.  Spill/cleanup 
impact  is  comprised  of  short-term  and  long-term  impact.  Species  importance 
is  broken  down  into  four  components:  commercial,  recreational,  subsistence, 
and  ecological  importance.  Biota  are  broken  down  into  eight  components  by 
habitat:  pelagic,  subtidal  sand/mud,  subtidal  rock/gravel,  intertidal 
sand/mud,  intertidal  rocky,  intertidal  cobble/gravel,  freshwater  river,  and 
terrestrial.  Each  of  these  habitats  is  characterized  by  Indicator  species 
and  species  grouDS  which  were  felt  to  be  important  and  for  which  some  data 
existed  in  the  literature  available.  The  matrix  characterizing  each  spill 
scenario/impact  is  thus  a  three-dimensional  matrix  of  size  2  x  4  x  117, 
consisting  of  936  elements. 

(a)  VALUES  AND  WEIGHTING  FACTORS 

The  parameters  selected  to  characterize  potential  oil  Impact  were  not 
amenable  to  precise  measurement.  Thus,  the  parameters  were  quantified  in  a 
gross  sense. 

The  matrix  was  developed  with  two  specific  goals  In  mind— (1)  to 
allow  the  relative  ranking  of  the  spill  scenarios  by  degree  of  impact,  and 
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(2)  to  indicate  potential  impacts  to  sensitive  and  important  species  and 
habitats.  To  accomplish  this,  a  list  of  parameters  was  developed  along  with 
specific  definitions  of  the  gross  measures  for  each  parameter.  Each  scenario 
was  measured  with  this  matrix  format. 

The  following  paragraphs  discuss  the  parameters  and  weights  and  values 
chosen.  The  measures  chosen  are  neither  magic  nor  sacred,  nor  does  MSNW 
claim  that  the  matrix  format  is  the  best  one  for  the  task.  It  simply  reflects 
the  study  team's  best  efforts  with  the  available  knowledge. 

The  measures  were  decided  upon  and  fixed  before  application  to  any 
scenario.  This  was  done  to  avoid  biasing  the  final  ranking  results  by  re¬ 
adjusting  the  measures  after  seeing  what  they  were  yielding. 

As  previously  mentioned,  three  major  independent  categories  were  used 
to  characterize  the  environmental  impact:  biota,  species  importance,  and 
spill/cleanup  impact.  Biota  was  characterized  by  eight  habitat  types  which 
were  parameterized  by  a  list  of  species  and  groups  of  species.  This  is 
shown  in  Table  7-3.  Each  site  is  characterized  by  habitats,  using  a  rela¬ 
tive  measure  of  the  aoundance  of  each  species.  Values  were  assigned  accord¬ 
ing  to  the  abundance  rating  as  shown  in  Table  7-4.  The  ratings  do  not  have 
precise  definition  limits  because  of  the  uncertainty  in  measured  animal  popu¬ 
lations.  The  ratings  are  a  relative  measure  for  each  species  of  its  own 
population  distribution.  Species  tended  to  be  either  widely  dispersed  or 
highly  localized. 

For  widely  dispersed  species,  i.e.,  found  in  many  areas,  average  popu¬ 
lations  is  roughly  defined  as  the  mean  of  the  population  density  per  unit  area 
from  measurements  over  many  sampling  sites.  Minor  population  thus  means 
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TABLE  7-3.  BIOTA  CHARACTERIZATION-HABITATS 
AND  COMPONENT  SPECIES  LIST 


I.  PELAGIC  HABITAT 

Phytoplankton 
Zooplankton 
Ichthyoplankton 
Seaweed  (floating) 
Greenl ings 
Pacific  sandlance 
Herring 
Smelt 

Crab  Larvae 
King  salmon 
Chum  salmon 
Sockeye  Salmon 
Pink  Salmon 
Coho  Salmon 

Rainbow/ Steel  head  trout 

Dolly  Varden 

Northern  Fur  seal 

Ringed  seal 

Ribbon  seal 

Bearded  seal 

Harbor  seal 

Sea  lions 

Walrus 

Whales 

Sea  otter 

Polar  bear 

Other  marine  ma;rmals 
Seabirds 


II .  SUBTIDAL  SAND/MUD  HABITAT 
Cods 

Sculpins 

Starry  Flounder 

Other  fl  tfish 

Pacific  sandlance 

Miscellaneous  marine  fishes 

Dungeness  crab 

Shrimp 

Razor  clam 

Other  bivalves 

Other  marine  invertebrates 


III.  SUBTIDAL  ROCK/GRAVEL  HABITAT 

Seaweed  (floating) 

Seaweed  (subtidal) 

Chum  salmon 
Pacific  halibut 
Flatfish 
Greenl ings 
Rockfish 
Walleye  pollock 
Other  marine  fishes 
King  crab 
Tanner  crab 
Scallop 

Other  marine  invertebrates 


IV.  INTERTIDAL  SAND/MUD  HABITAT 
Eel  grass 

Pacific  sandlance 

Razor  clam 

Softshell  bivalves 

Invertebrate  infauna 

Marine  mammal  rookeries 

Shorebirds 

Geese 

Ducks 

Swans 


V.  INTERTIDAL  ROCKY  HABITAT 


Seaweed  (intertidal) 

Greenl ings 
Herring 

Sessile  marine  invertebrates 
Miscellaneous  crustaceans 
Other  invertebrates 
Shorebirds 
Sea  ducks 

Marine  manmal  rookeries 
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TABLE  7-3.  (CONT'D) 


VI.  INTERTIDAL  COBBLE/GRAVEL 
HAfelTAT 

Seaweeds  (intertidal) 
Smel  t 

Hardshell  bivalves 
Crustaceans 
Gastropods 
Shorebirds 


VII.  FRESHWATER  RIVER  HABITAT 

Aquatic  vegetation 
Aquatic  invertebrates 
King  salmon 
Chum  salmon 
Sockeye  salmon 
Pink  salmon 
Coho  salmon 

Rainbow/Steel  head  trout 

Dolly  Varden 

Whitefish 

Arctic  grayling 

Pike 

Sticklebacks 
Other  fishes 
Ducks 
Geese 
Swans 

River  otter 

Mink 

Muskrat 

Other  aquatic  mammals 


VIII.  TERRESTRIAL  HABITAT 
Tundra 

Riparian  vegetation 

Strand  vegetation 

Other  vegetation 

Brown  bear 

Black  bear 

Wolverine 

Wolf 

Moose 

Caribou 

Deer 

Bison 

Muskox 

Sheep 

Goats 

Other  mammals 
Raptors 
Ptarmigan 
Other  birds 
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TABLE  7-4.  SPECIES  ABUNDANCE  RATING  VALUE 


Not  Present  --  0 
Minor  Population  --  1 
Moderate  Population  --  3 
Average  Population  --  6 
Abundant  Population  —  10 
Extremely  Abundant  --  15 


"much  less"  than  the  average  population,  moderate  would  be  "slightly  less," 
abundant  would  be  "more  than  average,"  and  extremely  abundant  would  be  "very 
much  more." 

For  highly  localized  species,  the  ratings--minor,  moderate,  and  aver¬ 
age-do  not  apply.  The  species  is  either  not  there  or  there  and  the  ratings 
are  accordingly  "not  present"  or  "abundant/extremely  abundant." 

Species  Importance  is  a  set  of  weighting  values  which  are  applied  to 
the  biota.  The  importance  values  are  measured  from  the  human  perspective  and 
were  characterized  by  relative  estimates  of  commercial  value,  recreational 
use,  subsistence  importance,  and  ecological  importance  of  each  species.  The 
weighting  value  ratings  are  shown  in  Table  7-5.  The  "protected  species"  and 
"endangered  species"  ratings  are  applied  only  in  the  ecological  importance 
column. 


TABLE  7-5.  SPECIES  IMPORTANCE  RATING  WEIGHT 


No  Importance  in  Category  --  0 

Minor  Importance  in  Category  --  1 

Moderate  Importance  in  Category  --  2 

Major  Importance  in  Category  --  3 

Protected  Species  (Ecology  Only)  --  5 

Endangered  Species  (Ecology  Only)  --  10 
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Aqain,  the  rating  definitions  are  not  precise  but  are  only  gross  measures. 

For  example,  moderate  commercial  importance  would  apply  to  a  species  that 
contributes  to  the  support  of  an  industry,  but  if  removed  would  not  wipe  out 
the  industry.  Major  commercial  importance  would  apply  to  a  species  that  if 
removed  would  wipe  out  an  industry.  Moderate  ecological  importance  would 
apply  to  a  species  that  is  a  noticeable  component  of  the  food  chain;  major 
ecological  importance  would  apply  to  a  species  that  is  very  important  in  the 
food  chain  and  which  one  or  more  other  species  depend  on. 

Oil  Spill/Clear, jp  Impact  is  the  final  set  of  weighting  values  applied 
to  characterize  each  scenario  matrix.  Again,  these  are  characterized  by 
gross  estimations. 

The  estimations  are  based  on  the  spill  scenario  information  developed 
by  the  oil  slick  drift  simulation  model.  This  information  on  oil  location 
and  composition  versus  time  is  used  to  estimate  the  degree  of  short-term  habi¬ 
tat  impact  via  the  density  of  organisms  contacted  by  the  oil,  the  sensitivity 
of  the  organisms,  and  the  toxicity  of  the  oil.  The  resulting  estimate  of 
short-term  impact  for  each  species  is  rated  and  weighted  according  to  Table 
7-6.  The  modifications  in  impact  for  the  cleanup  scenario  are  similarly 
estimated. 

TABLE  7-6.  OIL  SPILL/CLEANUP  SHORT-TERM  IMPACT  RATING  WEIGHTS 


No  Impact  --  .  0 
Minor  Impact  --  1 
Moderate  Impact  --  4 
Major  Impact  --  9 
Total  Impact  --  16 
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Minor  impact  corresponds  to  a  few  members  of  the  species  killed  or 
affected,  moderate  impact  corresponds  to  a  noticeable  number  of  the  species 
members  killed,  and  major  impact  corresponds  to  many  of  the  members  of  the 
species  killed.  Total  impact  corresponds  to  enough  members  killed  that  the 
breeding  stock  of  the  species  is  seriously  affected. 

Evaluation  of  the  long-term  impact  is  then  made.  Environmental  reten¬ 
tion  of  oil  is  estimated  according  to  the  type  of  beach  or  bottom  material 
contacted, and  the  recovery  potential  of  affected  species  is  estimated  based 
on  the  degree  of  mobility,  the  effect  on  the  breeding  stock,  and  the  dis¬ 
tance  from  potential  reseeding  populations.  Potential  long-term  impacts  were 
given  greater  weight  than  short-term  impacts.  The  weighting  factors  are 
snown  in  Table  7-7. 

TABLE  7-7.  OIL  SPILL/CLEANUP  LONG-TERM  IMPACT  RATING  WEIGHTS 


Complete  Recovery  --  0 
Major  Recovery  --  1 
Moderate  Recovery  --  8 
Minor  Recovery  --  27 
No  Recovery  --  64 


Moderate  recovery  corresponds  to  noticeable  differences  in  population  levels 
following  impact  which  recover  to  normal  in  a  few  breeding  cycles  without 
substantial  spin-off  effects  on  other  species  populations  or  human  uses. 
Major  recovery  would  be  noticeable  population  difference  only  for  the  first 
breeding  cycle  after  impact.  Minor  recovery  would  be  noticeable  population 
differences  for  several  to  many  breeding  cycles  with  spin-off  effects.  No 
recovery  corresponds  to  eliminating  the  ecological  and  human  utility  of  the 
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species  for  a  significant  portion  of  a  man's  lifespan.  It  does  not  necessar¬ 
ily  mean  that  the  species  is  wiped  out  forever. 


(b)  TOTAL  MATRIX  RATING 

Each  scenario  at  each  site  is  characterized  by  its  matrix.  Each 
matrix  is  composed  of  936  elements  depending  on  biota,  species  importance, 
and  impact. 

A  typical  matrix  element,  m.^,  can  be  described  by 


mjkn  =  ajnBknst 


where 

a •«  =  spill  impact  weighting  factor  for  short-term 
J  (j  =  l)  or  long-term  0=2)  on  the  nth  species. 

8kJ,  =  species  importance  weighting  factor  for  the  kth 
importance  category  and  the  nth  species. 

and 


s.  =  abundance  rating  value  for  the  nth  species  or 
group  of  species  (117  in  all) 


The  particular  matrix  is  thus  characterized  by  the  set 


l"mkn 

j  =  1-2;  k  =  1-4;  J l  =  1-117 

In  order  to  compare  the  relative  impact  typified  by  each  matrix,  a 
scheme  was  developed  to  derive  a  total  impact  number  for  each  matrix.  Each 
element  represents  an  impact  value  for  a  particular  species. 
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2  3 

In  the  manner  of  Burnham,  et  al.,  and  Booz-Allen,  Inc.,  MSNW 
assumed  that  fcr  total  short-term  (ST)  and  total  long-term  (LT)  impacts, 
the  elements  are  linearly  additive.  Thus, 


However,  ST  and  LT  were  not  felt  to  be  simply  additional  to  yield  total  im¬ 
pact,  T.  This  is  because  of  the  different  time  frames  of  the  two  terms. 

In  economics,  future  income  is  discounted  to  yield  a  "present  value." 
This  is  because  a  future  income  of  $100,  for  example,  is  not  the  same  as 
having  $100  in  one's  pocket.  The  $100  "in  the  pocket"  can  be  deposited  in  a 
savings  account  to  earn  interest.  The  interest  earned  during  the  time  until 
receiving  the  future  income  represents  the  difference  in  value  the  latter 
must  be  discounted. 

Analogously,  long-term  impact  should  be  "discounted"  to  a  "present 
value"  to  put  it  on  the  same  footing  as  short-term  impact.  The  problem  is 
that  there  is  no  procedure  for  the  discounting.  It  is  also  clear  that  "dis¬ 
counting"  is  not  the  proper  adjective.  Long-term  impact  does  not  necessarily 
have  to  be  decreased  In  value  In  calculating  Its  "present  value."  This  is 
simply  a  reflection  of  the  uncertainty  In  regard  to  necessary  breeding  stocks 
of  species  and  continued  ecosystem  viability.  In  brief,  long-term  effects 
may  be  many  times  more  Important  than  short-term  effects. 
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Additionally,  the  study  team  had  to  address  the  problem  of  distance. 
The  spills  are  hypothesized  to  occur  in  specific  locations.  The  drift  model 
traces  out  the  location  of  the  oil  slick  for  the  scenario.  The  estimate 
of  the  organisms  hit  is  then  made.  However,  for  highly  mobile  organisms,  it 
was  apparent  that  there  was  a  problem  in  defining  the  regional  extent  of  the 
population  around  the  spill  site  that  should  be  considered. 

It  was  obvious  that  a  large  breeding  population  next  to  the  damaged 
population  was  more  important  for  reseeding  than  a  population  which  was 
halfway  around  the  world.  Thus,  not  only  time  discounting  of  Impact  had  to 
be  considered  but  distance  discounting  also. 

It  was  felt  that  both  problems  were  related  to  the  recovery  potential 
of  each  species.  The  greater  the  recovery  potential,  the  less  the  long¬ 
term  Impact.  The  closer  additional  unaffected  populations,  the  greater  the 
recovery  potential.  Thus,  It  was  decided  that  long-term  Impact  should  be 
discounted  by  the  Inverse  of  recovery  potential. 

Since  environmental  retention  and  species  recovery  potential  were 
estimated  to  develop  long-term  impact  from  short-term  Impact,  It  was  felt 
that  a  reasonable  relative  measure  of  the  Inverse  of  recovery  potential  was 
given  by: 

(Recovery  Potential)’^  =  LT/ST 

Thus,  the  total  Impact  rating,  T,  was  defined  as  the  sum,  over  all  species, 
of  the  short-term  Impact  plus  the  ratio  of  long-term  to  short-term  times  the 
long-term  Impact. 


T  * 
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(c)  EXAMPLE  MATRIX 

Table  7-8  presents  an  example  of  the  application  to  the  Alaskan  sites. 
This  table  illustrates  the  impact  assessment  for  one  habitat  (the  pelagic 
habitat)  at  Valdez  Narrows  during  the  Summer,  with  an  assumed  instantaneous 
release  of  50,000  barrels  of  crude  oil. 

The  pelagic  habitat  is  described  by  a  list  of  28  species  groups, 
listed  on  the  left  side  of  the  table.  The  Abundance  evaluation  column 
immediately  follows,  under  FACTORS.  The  INV.  column  under  Abundance  repre¬ 
sents  the  population  inventory,  i.e.,  it  is  the  evaluation  of  species 
population  as  per  Table  7-4.  The  CONF.  column  under  Abundance  stands  for 
Confidence  Rating.  This  rating  describes  the  level  of  certitude  of  the 
inventory  number  as  follows: 

CONFIDENCE  RATING 

A  -  Actual  tabulated  data  exist  on  the  species  at  the  site. 

E  -  Inventory  value  is  extrapolated  from  actual  data  reasonably 
near  the  site  or  similar  to  the  site. 

H  -  Inventory  value  is  hypothesized. 

P  -  Based  on  personal  knowledge  of  a  member  of  the  study  team. 

The  next  column  set  under  FACTORS  are  the  Importance  columns  for 
conuierciai  (COM.),  recreational  (REC.),  subsistence  (SUB.),  and  ecological 
(ECOL.)  importance  weighting  values.  The  weighting  values  are  tabulated  in 
Table  7-5.  In  the  example,  the  "star”  under  ECOL.  for  Whales  equals  10 
(endangered  species). 
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The  remaining  column  set  under  FACTORS  are  the  Impact  columns  for 
Short-Term  (S.TRM)  and  Long-Term  (L.TRM)  rating  weights.  These  impact 
weight  values  are  tabulated  in  Tables  7-6  and  7-7. 

The  remaining  columns  on  the  right-hand  side  of  the  table  are  the 
Results.  These  include  the  short-term  and  long-term  impact  scores  for  each 
species  and  the  resultant  impact  score.  The  generation  of  these  scores  is 
illustrated  below  using  two  species  from  the  table: 


SPECIES 

ABUNDANCE 

IMPORTANCE 

IMPACT 

RESULT 

ST 

LT 

ST  LT 

Herring 

10  x 

[3+0+0+3] 

x  {  9 

8 

=  540 
=  480 

Chum  Salmon 

6  x 

[2+2+1+2] 

x  {4 

1 

=  168 

=  42 

RSLT 

Herring  540  +  (480)2  /540  =  967 

Chum  Salmon  168  +  (  42 )2  /168  =  179 


(3)  HUMAN  EVALUATION  INPUT 

Three  areas  were  of  concern  in  the  evaluation  process  for  this  study. 
The  first  two  areas  pertained  to  the  accuracy  of  the  matrix  input  data;  the 
last  area  pertained  to  the  evaluation  of  the  matrix  results.  The  matrix 
input  values  were  put  through  a  modified  Delphi  process.  The  evaluation 
of  the  matrix  results  was  basically  a  relative  site-by-site,  habitat-by¬ 
habitat  comparison  of  the  impact  scores  in  a  search  for  patterns  and 
general  impact  level. 
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(a)  DELPHI  PROCESS  ON  MATRIX  VALUES 


The  modified  Delphi  process  used  by  MSNW  was  based  on  an  initial 
derivation  of  consensus  through  contributions  from  the  study  team  members 
as  individuals,  with  subsequent  iterations  done  collectively  rather  than 
continuing  with  non-confrontati ve  individual  input.  It  was  felt  that  this 
process  was  better  adapted  to  the  needs  of  the  study  in  utilizing  the 
expertise  of  the  individuals  comprisinq  the  study  team. 

The  process  was  used  to  correlate  as  best  as  possible  the  qross 
measures  of  abundance,  importance,  and  impact  for  each  species  to  the  mass 
of  data  and  knowledge  available.  After  values  were  assigned  for  specific 
factors,  the  assignments  were  reevaluated  by  study  team  members,  collectively 
and  individually,  as  circumstances  allowed. 

(b)  MATRIX  INTERPRETATION 

One  of  the  major  efforts  of  the  study  was  aimed  at  comparing  the 
relative  impact  for  all  the  scenarios  by  impact  score.  This  was  intended 
to  point  out  those  areas,  seasons,  petroleum  types,  etc.  of  greatest 
concern. 

In  addition,  prior  to  this  final  step,  MSNW  was  concerned  with  the 
interpretation  and  meaning  of  the  matrix  results  for  each  site,  individually. 
The  questions  of  concern  were  on  whether  the  relationships  of  impact  scores 
for  each  habitat  made  sense.  The  question  arose  because  of  the  problem  of 
multiplying  "relative"  measures.  For  example,  the  following  species 
impacts  taken  from  Table  7-8  illustrate  the  problem: 
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SPECIES 

ABUNDANCE 

IMPORTANCE 
COM.  REC.  SUB. 

ECOL. 

IMPACT 
ST  LT 

ST 

RESULTS 

LT  Total 

Smelt 

3 

1 

1  1 

3 

9 

1 

162 

18  164 

Chum  Salmon 

6 

2 

2  1 

2 

4 

1 

168 

42  179 

The  impact  of 

oil  on  smelt 

is  greater,  but. 

because 

of  higher 

abundance, 

chum  salmon  score  slightly  higher.  Thus,  these  two  species  contribute 
about  equally  to  the  relative  impact  for  the  case.  The  veracity  of  this 
conclusion  is  hard  to  judge  due  to  the  unquanti fiable  aspects  of  environ¬ 
mental  impact. 

The  problem  in  general  is  not  resolved.  The  study  methods  were 
designed  to  alleviate  the  problem  of  multiplied  "relative"  measures  by 
keeping  the  analysis  on  a  comparative  inter-site  and  intra-site  basis. 

This  aspect  carried  over  into  the  comparison  of  sites  in  the  inter¬ 
pretation  of  the  relative  impact  of  all  the  spill  cases.  Basically,  the 
study  team  reviewed  the  ranking  list  with  the  following  questions  in  mind: 

t  Did  the  relative  impacts  on  the  habitats  within 
a  case  make  sense  with  the  spill  scenario? 

•  Did  the  relative  habitat  impacts  correlate  with 
other  sites  for  similar  spill  sizes,  seasons,  and 
petroleum  types? 

•  Were  relative  habitat  differences  correlated  with 
abundance  differences? 

•  Were  seasonal  differences  consistent? 

•  Were  product  differences  and  spill  size  differ¬ 
ences  consistent? 

These  questions  helped  define  the  general  conclusions  discussed  in  the 
Surma  ry. 
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SECTION  8.  CASES  SELECTED  FOR  ANALYSIS 


The  fact  that  oil  exploration,  extraction,  and  transport  will  be 
concentrated  in  certain  known  areas  and  the  need  for  early  development  of 
spill  control  plans  dictated  that  the  U.S.  Coast  Guard  focus  this  study  on 
certain  selected  analysis  cases. 

A.  COAST  GUARD  CASES  AND  MODIFICATIONS 

The  input  for  the  study  cases  was  provided  in  the  program's  RFP^  and 

2 

award  contract  (NO.  D0T-CG-42913-A).  Minor  modifications  In  this  original 
input  were  later  negotiated  with  the  U.S.  Coast  Guard.  For  example,  Alyeska 
Pipeline  Service  Co.  indicated  that  a  spill  volume  of  50,000  barrels  (one 
barrel  *  42  U.S.  gallons)  was  not  possible  at  either  the  Yukon  River  or  the 
Denali  Fault  crossings  of  the  Trans-Alaska  Pipeline  (TAP).  MSNW  was 
directed  to  substitute  a  4,000-bbl  crude  oil  spill  for  the  50,000-bbl  spill 
at  the  Denali  Fault  Crossing. 

Tables  8-1  and  8-2  present  the  modified  cases  that  were  analyzed  by 
MSNW.  Figure  8-1  shows  the  general  location  In  Alaska  of  the  13  marine  sites 
and  the  4  terrestrial  sites  listed  in  Tables  8-1  and  8-2. 

B.  CASE  PARAMETERS 

Five  spill  volumes  were  examined— 100,  1,000,  4,000  (Denali  Fault 
Crossing  only),  10,000,  and  50,000  barrels.  A  total  of  seven  spill  modes 
were  considered  as  follows: 

1.  Tanker  casualty 

2.  Drilling  rig  discharge 


t  I 
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TABLE  8-2.  SPILL  INFORMATION  FOR  REFINED  PRODUCTS,1 
FOR  BOTH  SUMMER2  AND  WINTER2  SPILLS 
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3.  Tanker  transfer  operation 

4.  Uncontrolled  tanker  ballast  discharge 

5.  Miscellaneous  spills 

6.  Pipeline  break  or  leak 

7.  Barge  casualty  (for  refined  products  and  not  for  crude) 

Additional  parameters  that  also  required  definition  to  undertake  the 
oil  dispersion  modelling  and  biological/natural  process  inventory  were  the 
exact  spill  site,  specific  oil  types,  and  seasons. 

(1)  EXACT  SPILL  SITE 

The  wind,  current,  bathymetric,  and  topographic  conditions  at  each  of 
the  17  locations  under  study  required  that  specific  spill  sites  be  selected 
at  each  general  location  for  the  purpose  of  a  starting  point  for  the  oil 
dispersion  modelling  process.  In  the  absence  of  a  specific  starting  point, 
many  points  would  have  had  to  be  modelled  and  this  was  considered  to  be 
beyond  the  scope  of  the  present  program. 

MSNW  personnel  undertook  a  detailed  review  of  the  locations  involved 
and  the  volumes  and  spill  modes  specified  in  Tables  8-1  and  8-2  to  select 
specific  spill  sites.  The  following  were  considered  in  the  logic  process  of 
selecting  spill  sites: 

1.  In  locations  having  multiple  spill  modes,  the  spe¬ 
cific  spill  site  was  dictated  by  the  largest  volume 
source. 

2.  Additional  factors  that  influenced  the  selection  of 
specific  spill  sites  included: 
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•  Navigation 

•  Shipping  routes,  route  intersections,  accident 
histories,  critical  maneuvering  radii,  stopping 
distances,  hazard  avoidance  radii  of  tankers 
and  barges. 

•  Natural  hazards. 

•  Rocks,  reefs,  shoals,  restricted  channel  depth, 

fog,  storms. 

•  Proximity  of  existing  terminals. 

•  Estimated  feasible  terminal  locations. 

•  Faults  in  pipeline  crossings. 

•  Water-land  interface  of  projected  pipelines. 

•  Projected  drilling  operations  and  supply  routes. 

3.  In  those  cases  where  tankers  and  barges  were  identified 
as  probable  spill  modes  (and  have  the  50,000-bbl  and/or 
10 ,000-bbl  spill  volumes),  factors  relating  to  shipping 
were  taken  into  account. 

4.  In  cases  where  pipeline  failures  were  the  most  probable 
and  also  the  largest  volume  spill,  the  appropriate  fac¬ 
tors  related  to  fault  hazards  and  water-land  interface 
hazards  were  taken  into  account. 

5.  In  cases  where  none  of  the  listed  factors  (in  No.  2) 
identified  a  site,  estimated  maximum  impacted  area 
was  used  to  define  the  exact  spill  site. 


MSNW  recommended  precise  spill  sites  for  the  marine  and  land  sites 
based  on  the  above  criteria.  These  were  subsequently  approved  by  the 
II. S.  Coast  Guard  with  minor  changes.  The  following  list  describes  the 
exact  spill  site  at  the  17  Alaska  locations  under  study. 


Yakutat  -  59°36'N,  140°1'W  -  This  site  is  at  the 
deepest  part  of  the  entrance  to  Yakutat  Bay  closest 
to  the  city  of  Yakutat.  The  primary  reason  for  this 
site  is  that  the  largest  spills  are  from  tankers  and 
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barges  (50, GOO  and  10,000  bbls)  of  the  four  dif¬ 
ferent  spill  types.  We  assumed  that  captains  of 
these  vessels  would  travel  no  further  than  neces¬ 
sary  to  reach  the  open  ocean  consistent  with  the 
critical  maneuvering  radii  of  supertankers,  i.e., 
turning  radii  and  stop  distances. 

Note:  This  site  was  questioned  by  the  U.S.  Coast 
Guard  as  it  was  not  initially  thought  to  be  in  deep 
enough  water  to  represent  drill  rig  spills.  The 
site  was  never  formally  moved,  however.  See  Figure 
2-7  for  the  location  map  and  the  exact  spill  site  (+). 

2.  Valdez  Harbor  -  51°5.56'N,  146°22.22'W  -  This  site  is 
the  site  of  the  proposed  terminal  at  the  west  end  of 
Jackson  Point.  The  spill  types  (transfer  and  miscel¬ 
laneous)  indicate  that  the  only  spills  to  be  con¬ 
sidered  are  between  ship  and  shore.  See  Figure  2-12 
for  the  location  map  and  the  exact  spill  site  (+). 

3.  Valdez  Narrows  -  51°3.17'N,  146°40'W  -  This  site  is 
at  the  south  end  of  the  Narrows,  in  mid-channel  and 
off  of  Potatoe  Point.  This  site  was  selected  by  the 
U.S.  Coast  Guard  after  MSNW  initially  suggested  a 
site  at  the  north  end  of  the  Narrows  in  the  vicinity 
of  Middle  Rock  Light.  The  U.S.  Coast  Guard  wanted  a 
spill  site  closer  to  Prince  William  Sound  and  outside 
of  Valdez  Harbor.  See  Figure  2-17  for  the  location 
map  and  the  exact  spill  site  (+). 

4.  Drift  River  -  60°34.44'N,  152°W  -  This  site  was  selec¬ 
ted  as  it  is  immediately  east-southeast  of  the  present 
Drift  River  terminal  in  the  narrowest  part  of  the 
channel  between  the  mainland  on  the  west  and  Kalgin 
Island  on  the  east,  and  this  is  an  area  of  (possible) 
congestion  for  traffic  to  and  from  the  terminal.  See 
Figure  2-19  for  the  location  map  and  the  exact  spill 
site  (+). 


5.  Port  Graham  -  59°23.89'N,  152°W  -  This  site  was 
selected  as  the  point  closest  to  the  entrance  to 
Port  Graham  where  in-transit  tankers  might  travel. 
(Large  tanker  spills  in  the  10,000  and  50,000-bbl 
classes  make  up  one- third  of  the  cases.)  The 
site  is  approximately  5  kilometers  west  of 
Dangerous  Cape.  See  Figure  2-27  for  the  location 
map  and  the  exact  spill  site  (+). 
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6. 


Kamishak  Bay  -  59°n.l1'N,  153°41.79'W  -  This  site 
is  one  where  we  were  least  able  to  determine  an 
appropriate  point  for  spills.  The  largest  spill  is 
1,000  barrels,  with  miscellaneous  spills  making  up 
one-half  of  the  cases.  Since  a  drilling  rig  may  be 
located  at  any  point  in  the  Bay  with  equal  probabil¬ 
ity,  the  site  was  selected  relatively  close  to  the 
shoreline  as  the  Bay  to  the  south  and  west  is  pre¬ 
dominantly  tidal  flats  where  spill  effects  might 
become  serious.  See  Figure  2-32  for  the  location 
map  and  the  exact  spill  site  (+). 

7.  Unimak  Pass  -  54°18.38'N,  164°52.50'W  -  This  site 
was  selected  as  being  approximately  in  the  center  of 
the  Pass  in  the  deepest  water.  One-half  of  the  cases 
are  large  (10,000-  or 50,000-bbl )  spills  from  either 
barges  or  tankers.  Weather  conditions  dictate  that 
the  center  of  the  Pass  was  a  likely  candidate  for 
collisions.  See  Figure  2-37  for  the  location  map 

and  the  exact  spill  site  (+). 

8.  Port  Moller  -  56°N,  160°37.87'W  -  The  major  spills 
are  10,000  barrels  of  crude  oil  from  a  pipeline 
and  10,000  barrels  of  each  of  the  refined  products 
from  a  barge.  The  site  selected  is  what  we  believe 
to  be  the  deepest  part  of  the  channel  entrance  to 
Port  Moller  and  Hague  Channel.  It  was  assumed  that 
the  refined  products  were  being  delivered  to  the 
exploratory  sites  where  drilling  would  be  taking 
place;  present  leases  for  gas  and  oil  exploration 
are  primarily  on  the  peninsula  to  the  east  and  north. 
See  Figure  2-49  for  the  location  map  and  the  exact 
spill  site  (+). 

9.  Kvichak  Bay  -  58°35.56'N,  157°30'W  -  This  site  was 
selected  as  the  center  of  the  channel  in  the  Bay. 

The  current  flow  out  of  the  Bay  and  the  prevailing 
winds  from  the  southwest  make  this  location  appro¬ 
priate  as  these  two  influences  on  oil  movement  tend 
to  balance  each  other.  The  major  spills  here  are  the 
same  as  with  Port  Moller  above.  See  Figure  2-57  for 
the  location  map  and  the  exact  spill  site  (+). 


10.  St.  Matthew  Island  -  60°3TN,  172°30'W  -  This  site 
was  selected  as  the  area  where  anticipated  oil  and 
gas  development  is  on  the  northeast  side  of  the 
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Island.  The  major  spills  are  from  tankers  and  barges 
and,  therefore,  a  site  approximately  midway  between 
the  txtreme  ends  of  the  Island  was  selected.  See 
Figure  2-61  for  the  location  map  and  the  exact  spill 
site  (+). 

11.  Nome  -  64°27. 22‘ N,  165°25'W  -  This  site  was  selected 
as  it  was  approximately  4  kilometers  directly  south 
of  Nome  where  the  depth  of  water  exceeds  60  ft. 

The  major  spills  are  from  tankers  (10,000  and  50,000 
bbls)  and  barges  (10,000  bbls).  See  Figure  2-65  for 
the  location  map  and  the  exact  spill  site  (+). 

12.  Cape  Blossom  -  66°45'N,  163°W  -  This  site  was  chosen 

in  the  center  of  the  channel  in  Kotzebue  Sound  approxi¬ 
mately  22  kilometers  west  of  Cape  Blossom.  The  major 
spills  here  are  the  same  as  at  Nome  above.  See  Figure 
2-69  for  the  location  map  and  the  exact  spill  site  (+). 

13.  Offshore  Prudhoe  -  70°33.06'N,  148°25.14'W  -  This  site, 
approximately  26  kilometers  north  of  the  Prudhoe  Bay 
shoreline,  was  selected  as  the  closest  point  to  Prudhoe 
in  water  at  60-ft  depth  or  greater.  The  depth  is  re¬ 
quired  for  tankers  (spills  of  10,000  and  50,000  bbls). 
See  Figure  2-73  for  the  location  map  and  the  exact 
spill  site  (+). 

14.  Onshore  Prudhoe  -  70°12.78'N,  148°25.14'W  -  This  site, 
near  the  Deadhorse  Airport,  was  selected  as  an  oil  well 
is  indicated  here  and  the  site  was  within  1  km  of  the 
Sagavanirktok  River.  The  largest  spills  are  crude  oil 
in  quantities  of  10,000  and  50,000  barrels  from  a  drill 
riq,  pipeline,  or  a  miscellaneous  spill.  See  Figure 
2-81  for  the  location  map  and  the  exact  spill  site  (+). 

15.  Uniat  -  69°28.33'N,  1 51  °30 ‘ W  -  This  site  is  approxi¬ 
mately  28  kilometers  downstream  from  Uniat  on  the 
Colville  River.  The  location  is  on  the  north  shore 
within  Naval  Petroleum  Reserve  No.  4.  See  Figure  2-83 
for  the  location  map  and  the  exact  spill  site  (+). 

16.  Yukon  River  Crossing  -  65°52.72'N,  149°42.63’W  -  This 
site  is  on  the  north  shore  on  the  Yukon  River  where 
the  TAPS  is  to  cross  the  river.  A  reference  point 

at  this  site  is  Alyeska  Pipeline  Service  Company 
Station  No.  77+80.  This  pipeline  will  cross  the 
Yukon  River  in  conjunction  with  a  state  highway  bridge. 
This  area  was  felt  to  be  the  most  vulnerable  to 
catastrophe.  See  Figure  2-91  for  the  location 
map  and  the  exact  spill  site  (+). 
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17. 


Denali  Fault  Crossing  -  63°23.91'N,  145°44.85'W  - 
This  site  is  on  the  intersection  of  the  Hines  Creek 
Strand  of  the  Denali  Fault  and  the  TAPS.  This  will 
place  a  spill  very  near  Castner  Creek  draining 
Castner  Glacier.  From  Castner  Creek,  it  is  about 
0.8  mile  to  the  Delta  River.  See  Figure  2-94  for 
the  location  map  and  the  exact  spill  site  (+). 


(2)  SPECIFIC  OIL  TYPES 

The  award/contract  gave  general  categories  of  oil  types— crude  and 
refined  products  (Tables  8-1  and  8-2). 

More  specific  oil  types  were  required  for  oil  dispersion  modelling 
and  biological  impact  evaluations.  MSNW  selected  the  following  representa¬ 
tive  oil  types  (properties  are  fully  discussed  in  Section  5-E.  Weathering). 
They  are: 

t  Crude:  Prudhoe  Bay  Crude 

•  Refined  Products:  Diesel -2 

Gasoline  (without  additives) 

•  Residual  Product:  Bunker-C 

These  oil  types  were  selected  for  two  basic  reasons: 


1.  They  are  probably  the  most  common  products 
that  could  be  involved  at  most  locations 
(assuming  Prudhoe  crude  Is  similar  to  oil 
located  in  any  future  Bering  Sea  region 
development). 

2.  They  are  the  products  that  have  the  largest 
data  base  on  effects  of  oil  either  from 
accidental  spills  or  laboratory  experiments 
(bioassays) . 
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(3)  SEASONS 

(a)  GENERAL  ALASKAN  CLIMATOLOGY 

The  climate  of  Alaska  has  been  characterized  by  four  climatic 
4  R 

zones.  These  are  the  Maritime,  Transitional,  Continental,  and  Arctic 
zones  illustrated  in  Figure  8-2.  The  zones  were  characterized  according 
to  the  degree  of  maritime  influence.  General  descriptions  of  the  four 
climatic  zones  are  given  in  Table  8-3.^ 

Alaska  is  surrounded  on  three  sides  by  seas  which  influence  the 
weather  of  the  land  masses.  The  seas  exert  a  moderating  influence.  The 
influence  of  the  Bering  Sea  and  the  Arctic  Ocean  is  limited  to  periods  of 
open  water.  The  influence  of  these  seas  is  negated  when  the  sea  is  iced 
over. 

Extension  of  the  maritime  influences  to  the  interior  is  reduced  by 
the  St.  Elias  Mountains,  the  Chugach  Mountains,  the  Kenai  Mountains,  the 
Aleutian  Range,  the  Alaskan  Range,  the  Kuskokwim  Mountains,  and  the  Brooks 
Range.  Terrain  also  has  a  major  effect  on  local  variations  in  climate, 
especially  on  winds  and  precipitation.  Channeling  effects  due  to  topographic 
features  can  result  in  greatly  accelerated  winds  in  localized  areas.  The 
CCAST  PILOT  (V.  9)6  noted  that  rugged  terrain  along  the  entire  coast  of  the 
Gulf  of  Alaska  makes  for  highly  localized  wind  conditions. 

The  Gulf  of  Alaska  and  the  Aleutian  Island  chain  are  areas  of 
extensive  cyclogenesis. ^  Primary  cyclonic  storm  tracks  parallel  the 
Aleutian  chain  throughout  the  year.  Secondary  tracks  are  shown^  through 
the  Bering  Sea  and  through  the  North  Pacific  and  Gulf  of  Alaska.  The  high 
degree  of  storm  activity  results  in  strong  winds  all  along  the  coast. 
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FIGURE  8-2.  CLiriATIC  ZONES  OF  ALASKA 


Average  winds  along  the  Aleutian  chain  are  from  8  to  18  knots,  with  a 
general  tendency  toward  the  higher  winds  as  one  moves  westward  along  the 

O 

chain. 


TABLE  8-3.  CLIMATIC  ZONES  OF  ALASKA 


MARITIME: 


TRANSITIONAL: 

CONTINENTAL: 


ARCTIC: 


Dominated  by  maritime  influences.  Small  temperature 
variations,  high  humidity,  high  precipitation  and  high 
cloud  and  fog  frequencies.  Little  or  no  freezing 
weather.  Mean  annual  temperature  around  40°F. 

More  pronounced  temperature  variations  throughout  the 
day  and  year,  less  cloudiness,  lower  precipitation  and 
humidities.  Mean  annual  temperature  generally  25-35°F. 

Dominated  by  continental  climatic  conditions.  Great 
diurnal  and  annual  temperature  variations,  low  precipi¬ 
tation,  low  cloudiness  and  low  humidity.  Mean  annual 
temperature  15-25°F. 

Temperature  variations  lower  than  the  continental,  pre¬ 
cipitation  is  extremely  light  and  strong  winds  are  not 
uncommon.  Mean  annual  temperature  10-20°F.  The  Arctic 
climate  is  affected  by  marine  influence  in  the  Summer 
but  not  to  any  great  extent  in  the  Winter. 


(b)  TEMPERATURE  AND  ICE  FREEZEUP/BREAKUP 
Mean  annual  temperatures  in  Alaska  vary  from  the  low  40' s  in  the  Mari¬ 
time  Zone  to  about  10°F  in  the  Arctic  Zone.6,7  The  largest  seasonal  varia¬ 
tions  are  found  in  the  Continental  Zone  where  Summer  temperatures  will  reach 
average  maximums  in  the  upper  70' s  and  Winter  temperatures  will  fall  to  minus 
40  to  minus  50  degrees.7 

Averaqe  dates  of  ice  breakup  in  areas  bordering  the  Gulf  of  Alaska 
vary  from  early  April  to  late  May.  6  Ice  breakup  varies  from  mid-April  to 
early  June  in  the  Berinq  Sea,  from  early  May  to  late  May  in  the  Yukon  River, 
and  from  late  May  to  late  June  in  the  Arctic  Ocean.6  Freezeup  varies  from 
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early  November  to  early  December  in  the  Gulf,  from  late  October  to  early 
December  in  the  Bering  Sea,  from  late  October  to  mid-November  in  the  Yukon, 
and  from  early  October  to  early  November  in  the  Arctic  Ocean. ^ 

(c)  WINDS 

Winds  significantly  affect  the  transport  of  oil  slicks  on  water. 

Since  the  present  study  was  concerned  with  estimating  the  effect  of  hypo¬ 
thetical  oil  spills  at  the  various  locations,  the  wind  of  importance  is  the 
predominant  wind  at  each  location.  Accordingly,  data  were  gathered  to  best 
estimate  the  predominant  winds. 

Surface  weather  observation  summaries  obtained  from  the  National 
Climatic  Center ^  were  particularly  useful.  Examination  of  monthly  averages 
showed  evidence  of  seasonality  of  winds  at  the  various  locations.  The  num¬ 
ber  and  duration  of  these  reasons  varied.  All  locations  showed  at  least  two 
major  seasons  corresponding  to  Summer  and  Winter.  In  general,  the  duration 
of  Winter  winds  increased  with  increasing  latitude,  as  expected.  Spring  and 

Fall  were  generally  of  shorter  duration  than  Summer  and  Winter  and,  in  some 
instances,  could  be  described  as  short  transition  periods  (e.g..  Barter 
Island,  King  Salmon,  Kotzebue,  Umiat,  and  Yakutat).  The  climate  of  Cook 
Inlet  has  been  described  similarly ^  with  Winter  corresponding  to  the  period 
from  freezeup  to  breakup.  Spring  "immediately  following  the  famed  Alaska 
'Break-up',"^  and  Summer  comprising  the  period  from  June  through  early 
September.  Thus,  Fall  and  Spring  comprise  about  one-third  of  the  year,  and 
Winter  and  Summer  comprise  the  remaining  two-thirds. 
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Figure  8-3  shows  the  directions  of  the  predominant  surface  winds  dur¬ 
ing  Winter.  Figure  8-4  shows  predominant  winds  for  Summer.  Figures  8-5  and 
8-6  are  more  detailed  illustrations  of  predominant  surface  winds  for  Bristol 
Bay  and  Cook  Inlet,  respectively. 

From  information  on  winds,  freezeup  and  breakup,  and  biological  re¬ 
sources,  it  was  apparent  that  all  four  seasons  were  of  concern  in  and  around 
Prince  William  Sound.  All  other  sites  appeared  to  be  reasonaly  characterized 
by  ice/no  ice  (i.e..  Winter  (Summer)  conditions). 

C.  CONTINUOUS/ INSTANTANEOUS  DISCHARGE  CASES 

Continuous  and  essentially  instantaneous  discharge  modes  are  possible 
at  all  study  spill  sites.  In  this  sense,  "instantaneous"  is  defined  to  mean 
of  short  duration  (i.e.,  less  than  one-half  hour)  in  comparison  with  the 
total  simulation  time  of  the  model  (i.e.,  72  hours).  However,  in  reviewing 
the  spectrum  of  possible  cases,  MSNW  selected  the  instantaneous  spill  mode 
for  all  water-based  sites  as  the  most  representative  for  the  large  volume 
spills  (50,000  barrels).  Such  spills  would  most  likely  result  from  tanker 
accidents  (collision,  groundings,  etc.),  causing  an  almost  instantaneous 
release.  The  scope  of  the  study  was  not  geared  to  catastrophic  events 
wherein  large  amounts  of  oil  are  released  to  the  environment,  as  in  the  case 
of  major  platform  blowouts.  The  intermediate  volume  spills  (10,000  barrels) 
most  likely  would  result  from  barge  accidents  and  the  same  rationale  applies. 
Smaller  volume  (less  than  10,000  barrels)  spills  may  result  from  a  wide 
variety  of  sources;  however,  since  it  is  impossible  to  estimate  flow  rates 
for  a  wide  variety  of  sources  such  as  ballasting  operations,  terminal 
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loading  or  offloading  accidents,  or  small  pipeline  leaks,  instantaneous 
release  was  again  postulated. 

For  the  major  land-based  pipeline  sources,  a  continuous  discharge 
mode  was  assumed  with  release  times  (roughly  estimated  fr.;:  pipeline  volume 
and  flow  rates)  of  from  one-half  to  one  hour  duration.  Such  failure  mode  is 
more  likely  than  an  instantaneous  discharge;  slower  leaks  would  in  all 
likelihood  be  detected  by  the  pipeline  operator  and  action  taken  to  restrict 
the  flow  of  oil.  MSNW  noted  that  there  exists  a  sensing  threshold  for 
detection  of  small  flow  rate  leaks  that  may  eventually  release  large  amounts 
of  oil.  At  the  time,  no  definite  information  concerning  the  actual  sensing 
threshold  level  was  available. 

D.  OIL  DISPERSION  MODELLING  CASES 

Not  all  cases  listed  in  Tables  8-1  and  8-2  can  be  quantitatively 
modelled  within  the  present  state-of-the-art.  Current  knowledge  and  analysis 
methods  are  discussed  in  detail  in  Section  5.  The  methodology  used  by  MSNW 
for  this  study  is  briefly  reviewed  here. 

(1)  OPEN  OCEAN  WATERS 

Open  ocean  cases  (including  all  situations  where  the  spill  occurs  in 
ice-free  waters,  whether  offshore  or  in  an  estuarine  area)  were  modelled 
using  calm  water  physical  spreading  theory  and  wind/current  driven  dispersion 
theory  ^Section  5-A).  No  theory  has  been  proposed  to  date  to  account  for 
rough  sea  effects  under  stormy  conditions.  However,  under  stormy  conditions, 
the  probability  of  forming  stable  water-in-oil  emulsions  is  enhanced,  and 
the  subsequent  dispersion  of  these  emulsions  will  be  governed  by  wind  and 
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current  transport.  Thus,  the  use  of  the  MSNW  model  to  estimate  the  spill 
history  under  rough  sea  conditions  Is  justified  for  determining  the  spill 
impact  area. 

(2)  ICE-INFESTED  WATERS 

No  adequate  theory  exists  at  the  present  time  for  modelling  oil  dis¬ 
persion  in  ice-infested  waters.  Although  calculation  of  oil  spreading  in 
ice  pack  leads  may  be  performed  (Section  4-C-l ) ,  the  prediction  of  spill 
histories  involves  the  ability  to  calculate  the  ice  and/or  ice-water  mixture 
dynamics  (Section  5-C).  In  order  to  estimate  the  spill  impact  area,  MSNW 
utilized  the  theory  for  open-water  dispersion  in  these  cases.  In  support 
of  this  approach,  it  was  noted  that  some  evidence  exists  that  ice  Is  also 
transported  at  roughly  3  percent  of  surface  wind  speed  and  directly  Influenced 
by  surface  currents  (Section  5-C-2).  The  effects  of  ice  "pile-up"  against 
shore  or  other  congestion  areas  would  reduce  the  areal  impact  of  the  spill, 
hence  use  of  open-water  dispersion  analysis  yields  a  conservative  estimate 
of  the  impacted  area. 

(3)  LAND/ ICE  CASES 

The  spreading  of  oil  on  land  or  ice  is  discussed  In  detail  In  Section 
5-C.  Land-based  spills  are  directly  influenced  by  slope,  roughness,  and 
porosity  of  the  land  and  may  be  estimated  for  each  specific  case.  Spills 
on  ice  are  generally  assumed  to  achieve  a  maximum  terminal  area  (Section 
5-C),  and  subsequent  dispersion  Is  governed  by  ice  dynamics. 
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(4)  RIVER  CASES 

When  an  oil  spill  reaches  a  flowing  river,  the  subsequent  dispersion 
is  directly  determined  by  river  flow  rate,  width,  and  turbulence  character¬ 
istics  as  determined  by  flow  volume  rate  and  gradient.  Flow  volume  rate  can 
be  estimated  for  specific  rivers  for  a  given  season  and  from  topographical 
charts,  the  dispersion  of  the  oil  estimated.  The  effects  of  natural 
gathering  areas  along  a  given  river,  such  as  backwaters  and  eddies,  cannot 
be  estimated  without  detailed  surveys  of  the  specific  rivers  involved. 

E.  MATRIX  EVALUATION 

The  matrix  evaluation  process  to  arrive  at  a  relative  ranking  of 
impacts  of  spill  cases  was  fully  described  in  Chapter  7.  The  basic  break¬ 
down  of  the  matrix  evaluation  process  was: 

•  First,  by  location 

•  Second,  by  season 

•  Third,  by  oil  product 

•  Fourth,  by  spill  volume 

The  evaluation  of  the  effect  of  spill  mode  was  not  directly  addressed  in  the 

matrix  evaluation.  For  the  applicable  spill  modes  for  a  specific  location, 

* 

season,  oil  product,  and  spill  volume,  MSNW  brainstormed  the  problem  to 
differentiate  potential  effects  (physical,  chemical,  and  biological)  that 
the  applicable  spill  modes  could  have  on  that  given  base  case. 
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SECTION  9.  CATALOG  OF  STUDY  AREAS 


A  major  effort  of  this  research  program  was  the  assembly  of  physical 
and  biological  parameters  that  define  the  17  study  locations  in  Alaska.  Time 
and  budget  constraints  did  not  permit  on-site  visits  of  any  of  the  17  study 
locations,  and  the  study  team  relied  entirely  on  available  literature,  un¬ 
published  reports  and  manuscripts  and  personal  communication  with  informed 
Individuals  or  organizations. 

A.  GENERAL  AREA  DESCRIPTIONS 

Each  general  location  (17  total)  required  a  specific  group  of  physical 
and  biological  parameters.  The  sources  for  these  data  varied  depending  on 
who  had  conducted  research  into  a  given  location's  physical  and  biological 
environment.  Data  were  not  equally  available  for  all  locations.  Generally 
speaking,  the  greatest  amount  of  data  exists  for  those  locations  close  to 
man's  present  activities  (either  exlstant  or  proposed  for  the  near  future). 

A  multitude  of  information  exists  for  portions  of  the  Cook  Inlet  area, 
whereas  information  is  scarce  for  the  more  remote  St.  Matthew  Island. 

Where  data  were  lacking,  extrapolations  were  necessarily  made  from 
nearby  locations.  In  the  case  of  marine  spills,  all  wind  velocity  and  direc¬ 
tion  data  had  to  come  from  a  land-based  station  recording  such  information 
(l.e.,  air  ports,  weather  stations).  This  required  some  adjustment  to  wind 
inputs  over  adjacent  water  spill  sites.  In  other  cases,  some  biological 
inputs  came  from  the  same  location  as  the  spill  site  and  spill  impact  area. 

In  both  the  physical  and  biological  cataloging,  extrapolation  of  data  was 
the  rule  rather  than  the  exception  for  most  locations  In  this  study.  A 
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positive  aspect  of  this  data  extrapolation  was  the  identification  of  major 
data  gaps  requiring  future  study  (see  Section  10). 

(1)  PHYSICAL  PARAMETERS 

The  primary  physical  parameters  researched  for  this  study  included 
wind  direction  and  velocity,  current  direction  and  velocity,  temperature 
(water  on  marine  temperatures,  air  and  river  water  temperatures  on  terrestri¬ 
al  spills),  topography,  shorelines,  and  bathymetry. 

(a)  WIND 

At  all  the  marine  sites  where  oil  dispersion  modelling  was  completed, 
predominant  wind  direction  and  velocity  input  were  required.  This  informa¬ 
tion  was  gathered  for  numerous  sources  and  is  summarized  in  Table  9-1.  At 
no  location  in  this  study  was  wind  input  data  site  specific.  Wind  direction 
and  velocity  were  necessarily  extrapolated  from  land-based  sources  (airports, 
weather  stations)  to  the  "over-water"  site  chosen  as  the  exact  spill  site. 

See  the  wind  data  summary  Tables  in  Appendix  0. 


(b)  CURRENTS 

At  all  marine  locations,  another  input  to  the  oil  dispersion  model 
was  surface  sea  currents.  The  two  primary  sources  of  information  were  the 
TIDAL  CURRENT  TABLES  1974 1  and  the  U.  S.  COAST  PILOT  NO.  9 .2  These  two 
sources  generally  provided  some  working  knowledge  of  surface  tidal  currents 
at  all  locations.  As  expected,  the  amount  of  information  available  generally 
declines  as  one  moves  further  north  in  the  Bering  Sea  and  into  the  Chukchi 
and  Beaufort  Seas. 
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TABLE  9-1.  SURFACE  WIND  DATA  BASE. 


DATA  TYPE 
(1) 

AREA  OR  LOCATION 
(2) 

PERIOD 

(3) 

DATA  SOURCE 
(4) 

Climatic  Conditions, 
and  Predominant 
surface  winds-qen- 
eral  summary 

Cook  Inlet 

North  Slope 

Gulf  of  Alaska 

Bristol  Bay 
Kuskokwim-Bering  Sea 
Norton  Sound 

Kotzebue  Sound-  Chuckci 
Sea 

Pipeline  Route 

not  stated 

1  . 

General  Climate  and 
Predominant  Winds 

Gulf  of  Alaska 

Bering  Sea 

Arctic  Ocean 

variable 

2 

Climatological 

Tables 

Yakutat 

Cordova 

Anchorage 

Cold  Bay 

King  Salmon 

Nome 

Kotzebue 

Barter  Island 

variable 

2 

Surface  Wind  - 
Transition  matrix 
and  mean  speads 

Yakutat 

not  stated 

3 

Climate  and  Surface 
winds 

Valdez 

1963-1967 

4 

General  Climate 
and  Predominant 

Winds 

Kotzebue 

not  stated 

5 

General  Climate  and 
Predominant  Winds 

Cook  Inlet 

variable 

6 

Surface  Winds 

Cold  Bay 

1955-1969 

7 

Surface  Wind 
Observations 

Anchorage 

Barter  Island 

Cold  Bay 

Soldotna 

Kenai 

1941- 1968 

1947- 1970 

1942- 1968 
1962-1964 

1948- 1967 

8 
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TABLE  9-1.  (CONT'D.) 


DATA  TYPE 

_ LU _ 

Surface  Wind 
Observations  (cont'd) 


AREA  OR  LOCATION 
(2) 

PERIOD 

(3) 

Homer 

1939-1941 

Cordova 

1946-1970 

Driftwood  Bay 

1959-1969 

Kotzebue 

1945-1970 

King  Salmon 

1942-1970 

Naknek 

1942-1964 

Nome 

1949-1970 

Port  Mol ler 

1959-1969 

Umiat 

1946-1955 

Yakutat 

1941-1971 

St.  Matthew  Island 

1942-1945 

Valdez 

1963-1967 

DATA  SOURCE 
(4) 

8 


1.  Swift,  W.  H.,  R.  E.  Brown,  L.V.  Kinnel ,  M.  M.  Orgel ,  P.  L.  Petersen, 

W.  W.  Waddell,  GEOGRAPHICAL  ANALYSIS  OF  OIL  SPILL  POTENTIAL  ASSOCIATED 
WITH  ALASKAN  OIL  PRODUCTION  AND  TRAi'ISPORTATION  SYSTEMS,  Pacific  North¬ 
west  Laboratory,  Division  of  Memorial  Institute  to  the  United  States 
Coast  Guard,  USCG  Report  CG-D-79-74,  February  1974. 

2.  U.S.  Department  of  Commerce  and  Coastal  and  Geodetic  Survey,  PACIFIC 
AND  ARCTIC  COASTS  -  ALASKA ,  CAPE  SPENCER  TO  BEAUFORT  SEA,  Seventh 
Edition  (October  3,  1974),  U.S.  Coast  Pilot  Volume  9. 

3.  Massachusetts  Institute  of  Technology,  PRIMARY,  PHYSICAL  IMPACTS  OF 
OFFSHORE  PETROLEUM  DEVELOPMENTS ,  report  to  the  Council  on  Environ¬ 
mental  Quality,  MITSG  74-20,  April  1974. 

4.  Alyeska  Pipeline  Servia  Co.,  401  METEOROLOGY,  Oil  Spill  Contingency 
Plan,  Alyeska  Marine  Terminal,  Vol  1  -  The  Plan,  Vol  2  -  Annexe, 
Woodward  -  Envicon  Inc.,  Environmental  Consultants 

5.  Alaska  Planning  Group,  ENVIRONMENTAL  STATEMENT-PROPOSED  CAPE 
KRUSENSTERN  national  monument ,  ALASKA,  National  Park  Service, 

U.S.  Department  of  the  Interior,  DES  73  87,  December  1973,  Draft. 

fi.  Alaska  University,  COOK  INLET  ENVIRONMENT ,  A  BACKGROUND  STUDY  OF 
available  knowledge.  National  Technical  Information  Service,  U.S. 
Department  of  Commerce,  COM-73-1 0337 ,  August  1972. 

7.  Wen  tun  k,  Tunis,  Jr.,  WIND  POWER  POTENTIAL  OF  ALASKA,  PART  I:  SURFACE 
WIND  data  FROM  SPECIFIC  COASTAL  sties.  University  of  Alaska,  Geophys¬ 
ical  Institute,  Report  UAG-R-225. 

8.  National  Climatic  Center,  revised  summary  of  Surface  Weather  Observa¬ 
tions,  Part  C,  Surface  Winds. 
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Additional  sources  included  location  specific  investigations  of  most 

of  these  marine  sites.  Studies  included  reports  on  OCS  development, 3  Valdez 

4-7  8  9 

Harbor  and  vicinity.  Cook  Inlet,  Western  Gulf  of  Alaska,  Bristol  Bay 

Environment,^  Bering  Sea,^  Kotzebue  vicinity,^  and  the  Alaskan  Arctic 

Coast. ^ 

The  available  marine  surface  current  data  were  quite  general  and  re¬ 
quired  a  aood  deal  of  extrapolation  and  interpolation  for  utilization  in  the 
tidal  current  polygons  prepared  for  oil  dispersion  modelling.  See  Section 

5-B-l  and  Appendix  D  for  tidal  current  interpretation  examples.  This 

intrepretation  of  surface  tidal  current  is  believed  to  be  a  moderate  source 

for  error,  particularly  for  sites  beyond  Prince  William  Sound  and  Cook  Inlet. 

Mathematical  Sciences  Northwest,  Inc.,  was  made  aware  of  research  in 

progress  that  will  greatly  advance  the  marine  tidal  current  information  for 

Cook  Inlet.  National  Ocean  Survey  (NOS)  of  NOAA  conducted  tide  and  tidal 

current  studies  in  lower  Cook  .nlet  and  middle  Cook  Inlet  in  the  Summer  of 
1 3 

1973  and  1974.  Upper  Cook  Inlet  is  scheduled  for  study  in  the  Summer  of 

1 3 

1975  and  possibly  Prince  William  Sound  for  the  Summer  of  1976.  The  prob¬ 
lem  with  the  data  collected  from  the  two  lower  parts  of  Cook  Inlet  is  that 
the  information  obtained  from  NOS  is  raw  data  that  has  received  little  or 
no  evaluation.  It  is  beyond  the  scope  of  this  study  to  analyze  and  then 
utilize  these  data.  However,  this  information  should  be  factored  into  the 
future  evaluations  conducted  on  oil  spill  dispersion  and  impacts  as  the  data 
becomes  available  in  usable  form. 

Information  on  river  currents  was  also  required  for  the  four  land  oil 
spills  (Onshore  Prudhoe,  Umiat,  Yukon  River  Crossing,  and  Denali  Fault  Cross¬ 
ing)  as  each  case  involves  a  brief  land  encounter  followed  by  contact  with 
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the  Sagavanirktok,  Colville,  Yukon,  and  Delta  rivers,  respectively.  Informa¬ 
tion  sources  were  scarce  but  sufficient  for  study  requirements J  ,9,12,14-16 
See  the  additional  discussion  of  surface  current  interpretation  in  Section 
4. 

(c)  TEMPERATURE 

Marine  sites  and  land  sites  required  temperature  and  temperature- 
related  information  (freezeup,  breakup  of  ice)  to  properly  determine  oil 
dispersion  and  movement.  This  information  was  generally  obtained  from  the 
COAST  PILOZ^  and  from  National  Climatic  Center  data.^  Useful  information  on 
snow  cover  and  air  temperatures  along  the  Trans-Alaska  Pipeline  (reports 
DM-CDB-010  and  DM-CDB-015)  were  reviewed  in  Alyeska's  Anchorage  office  in 
August  1974.  These  reports  are  not  released  to  the  public  and  were  not 
available  to  MSNW.  The  Coast  Guard  should  be  aware  of  reports  like  these  as 
they  would  be  of  great  logistic  value  for  pipeline-related  locations  when 
they  do  become  available  to  the  public. 

Additional  temperature  information  was  obtained  from  several  location- 
specific  reports  as  indicated  for  surface  current  data. 

(d)  TOPOGRAPHY,  SHORELINES,  BATHYMETRY 

Land  and  marine  locations  required  information  on  terrestrial  topogra¬ 
phy  both  for  the  evaluation  of  oil  dispersion  and  movement  and  biological 
cataloging.  U.S.  Gelogical  Survey  quadrangle  maps  were  utilized  in  one  per 
250,000  scale  for  the  shoreline  mapping  of  all  marine  shorelines  within  the 
50-km2  grid  utilized  in  displaying  oil  dispersion  model  results.  Coast 
and  Geodetic  Navigational  Charts  were  not  utilized  because  these  charts  have 
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varying  scales  among  the  13  marine  locations  which  present  an  additional 
complication  to  the  oil  dispersion  modelling  process. 

The  locations  on  land  (Onshore  Prudhoe,  Umiat,  Yukon  River  Crossing, 
and  Denali  Fault  Crossing)  required  more  detail  as  to  land  slopes  for  land 
spills  and  hydrographic  heads  for  river  spills  so  that  U.S.  Geological  Survey 
Quadrangle  Maps  in  1:  63,360  scale  were  used.  MSNW  also  utilized  information 
in  charts  provided  by  Alyeska  Pipeline  Service  Company. 15,16,18,19 

General  coastline  topography  was  also  integrated  from  U.S.  Geological 
Survey  Quadrangles  for  the  extrapolation  of  land-source  wind  direction  and 
velocity  data  to  actual  spill  sites  over  water. 

Shoreline  information  (physical  types)  were  taken  from  U.S.  Geological 
Quadrangles  and  Coast  and  Geodetic  Survey  charts  and  information  in  general 
location  specific  reports  as  utilized  for  the  surface  current  data  base. 

The  prior  experience  of  several  MSNW  employees  and  consultants  was  also  used 
in  those  locations  in  Alaska  that  these  individuals  have  visited  in  the  past. 

Bathymetry  for  the  locations  came  primarly  from  U.S.  Geological  Survey 
Quadrangles  and  Coast  and  Geodetic  Survey  charts. 

(2)  BIOLOGICAL  RESOURCES 

Unlike  the  physical  parameters  above,  several  hundred  reports  and 
manuscripts  were  researched  to  prepare  the  environmental  evaluation  matrix. 

To  begin  this  task  of  biological  resource  cataloging  of  most  of  Alaska,  MSNW 
obtained  consultants  with  specific  biological  areas  of  interest.  These  in¬ 
cluded: 


•  Dr.  Albert  W.  Erickson,  University  of  Washington,  Wildlife 
Biology. 
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•  Dr.  Phillip  A.  Lebednik,  University  of  Washington,*  Potany. 

•  Mr.  Edgar  A.  Best,  International  Pacific  Halibut  Commission, 

Marine  Fisheries. 

•  Mr.  Larry  6.  Gilbertson,  University  of  Washington,**  Salmon 
Fisheries. 

•  Mr.  Charles  A.  Simenstad,  University  of  Washington,  Invertebrates 
and  Oil  Effects. 

•  Dr.  Rita  Horner,  formerly  with  the  University  of  Alaska,  Institute 
of  Marine  Science,  Arctic  Coast  Biology. 

These  individuals  provided  MSNW  with  summary  resource  catalogs  with  support¬ 
ing  literature.  This  information  was  then  compiled  by  MSNW  into  location- 
specific  evaluation  matrices  by  season.  These  matrices  incorporated  the 
information  on  relative  abundance  and  relative  commercial,  recreational,  sub¬ 
sistence,  and  ecological  importance  for  each  location  (see  matrix  discussion 
in  Section  6).  These  matrix  imputs  were  then  reviewed  several  times  by  MSNW 
and  its  consultants  (see  discussion  of  Modified  Delphi  Process  in  Section  7). 

It  is  not  practical  to  list  here  all  of  the  numerous  data  sources 
obtained  from  the  literature  for  this  biological  cataloging  effort.  MSNW 
initially  relied  on  the  "compendium"  type  reports  for  the  Gulf  of 

Alaska,20,  21  ’  20,  27  Western  Gulf  Alaska,9  Valdez  Harbor  and 

4  k  7  ?i_oc  ■?  in 

vicinity,  ’  *  Cook  Inlet,  Bristol  Bay  Environment,  Kotzebue 

11  12  28-30 

vicinity,  Arctic  Coast,  and  the  Pipeline  Route.  From  these  summary 

reports,  the  search  was  expanded  to  additional  references. 


*Now  with  the  University  of  British  Columbia,  Vancouver,  B.C. 

**Now  with  the  Quinault  Indian  Tribe  Fisheries  Program,  Tahola, 
Washington. 
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The  marine  flora  of  the  14  coastal  locations  presented  a  special  prob¬ 
lem  with  regard  to  cataloging  the  marine  plants  which  occur  there.  At  all 
of  these  locations  it  is  assumed  that  the  oil  spill  enters  or  reaches  the 
surface  of  the  sea  and  that  oil  is  not  physically  transported  beyond  the 
level  of  extreme  high  tides  or,  in  highly  exposed*  areas,  the  level  of  high¬ 
est  splash  from  wave  action.  Therefore,  true  terrestrial  vegetation  is 
assumed  to  be  not  affected  directly  by  oil  spills  and  is  excluded  from  this 
discussion.  Terrestrial  vegetation  for  the  four  terrestrial  sites  was  ob¬ 
tained  from  Alyeska  and  other  sources. 

Six  major  categories  of  marine  flora  can  be  recognized  at  the  14 
Alaskan  marine  locations: 

(1)  strand  or  beach  vegetation 

(2)  intertidal**  seaweeds 

(3)  eel  grass  ( Zostera  mar.'na)  beds 

(4)  subtidal***  seaweeds 

(5)  the  floating  portions  of  subtidal  seaweeds  (floating  kelp 
beds) 

(6)  phytoplankton 


Exposed  =  exposed  to  heavy  wave  action  (opposite  of  protected). 
**Intertidal  =  between  the  extreme  limits  of  the  tides  in  any  one 

place. 

***Subtidal  =  below  the  intertidal. 


There  is  no  mention  in  the  literature  of  the  presence  of  true  salt 

marshes  such  as  occur  on  the  East  Coast  of  the  United  States  and  in 
31-37 

Alaska.  Salt  marshes  may  occur  in  Alaska,  particularly  east  of  the 

Alaska  Peninsula.  True  salt  marshes  have  a  flora  composed  mainly  of  grasses 

and  sedges  and  occur  within  the  intertidal  region.  In  Alaska,  these  types 

of  vegetation  are  reported  to  occur  in  estuarine  localities  and 
3?  35  35 

lagoons.  ’  ’  Because  most  of  these  habitats  are  beyond  the  reach  of 

marine  oil  spills  {Cook  Inlet  is  an  exception  which  is  discussed  below), 
they  are  not  included  in  the  present  discussion. 

There  is  a  little  specific  information  on  the  coastal  vegetation 
of  Alaska.  This  is  particularly  true  of  the  coastline  west  and  north  of  Cook 
Inlet.  At  most  sites,  there  have  never  been  any  biological  investigations 
of  pertinence  to  this  project.  It  is  necessary  to  outline  the  available 
knowledge  from  all  of  Alaska,  establish  generalized  areas  of  similar  flora 
(such  as  Arctic,  boreal,  etc.)  and  habitat  types  (exposed,  protected,  rocky, 
sandy,  etc.),  and  then  use  these  generalizations  to  establish  the  theoretical 
vegetation  at  any  particular  marine  location. 

There  is  even  less  information  available  on  the  "importance"  of 
species  or  groups  of  species  in  ecosystem  stability  or  foodchnins.  As  a  re¬ 
sult,  it  is  impossible  to  establish  whether  some  species  should  be  given  more 
weight  than  others  in  evaluating  the  distribution  of  the  flora  at  specific 
locations.  As  a  consequence,  the  species  have  here  been  grouped  into  broad 
categories  based  on  general  ecological  divisions  and  the  expected  effects  of 
oil  spills,  e.g.,  the  floating  portions  of  subtidal  seaweeds  are  in  a  sepa¬ 
rate  category  from  the  holdfasts  of  the  same  plants  because  the  contact  and 
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presumably  the  effects  of  an  oil  spill  would  be  totally  different  in  each 
case. 

A  method  was  developed  to  estimate  the  relative  abundances  of  the 
various  categories  of  flora  at  any  one  location.  The  type  of  substrate  along 
the  coastline  was  determined  from  geological  papers,  geological  maps,  and 
coast  and  geodetic  survey  charts. 38-45  Segments  of  shoreline  were  categor¬ 
ized  into  one  of  the  following: 

1 .  rock 

2.  cobble/gravel 

?.  sand 

4.  mud 


This  information  was  "digitized"  on  computer  tape  for  all  shorelines  within 
a  50-km  square  area  (2,500  sq.  km)  of  the  spill  site.  Sums  of  the  absolute 
lengths  in  meters  and  the  percentages  of  each  type  were  calculated  for  each 
location. 

The  theoretical  relative  abundance  of  each  vegetation  type  was  esti¬ 
mated  as  follows: 


STRAND  -  strand  vegetation  was  assumed  to  occur  on  all  mud  and 
sand  shores  and  to  have  one-half  the  abundance  along 
a  gravel  shore;  it  was  assumed  to  be  absent  on  rock 
shores  and  on  all  other  shores  in  the  Winter  (most 
strand  plants  are  annuals^'). 

INTERTIDAL  SEAWEEDS  -  Assumed  to  be  present  on  all  rock  shores 
and  one-half  the  abundance  on  cobble/gravel  shores  in 
Summer.  In  Winter,  rock  shores  were  assumed  to  one- 
half  the  abundance  in  Summer  and  to  be  absent  on  gravel. 

EELGRASS  -  eelgrass  abundance  estimates  based  on  substrate  alone 
were  considered  very  accurate  and,  for  the  most  part, 
this  was  estimated  using  data  from  the  literature  on 
eelgrass  bed  locations. 
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TABLE  9-2.  SEASONAL  ESTIMATORS  OF  ABUNDANCE  OF  FLORAL  CATEGORIES 
BASED  ON  TOTAL  LENGTH  OF  SHORELINE  SUBSTRATE  TYPE 


SUBSTRATE  TYPE 
(1) 

FLORA  CATEGORY 
(2) 

SUMMER  FACTOR 
.  (3)  _ 

WINTER  FACTOR 
(4) 

Rock 

Intertidal  Seaweeds 

x  1.0 

x  0.50 

Subtidal  Seaweeds 

x  1.0 

x  0.50 

Floating  Seaweeds 

x  1.0 

x  0.00 

Cobble/Gravel 

Strand  Seaweeds 

x  0.5 

x  0.00 

Intertidal  Seaweeds 

x  0.5 

x  0.00 

Subtidal  Seaweeds 

x  0.5 

x  0.25 

Sand 

Strand  Seaweeds 

x  1.0 

x  0.00 

Mud 

Strand  Seaweeds 

x  1.0 

x  0.00 

9-12 


SUBTIDAL  SEAWEEDS  -  the  relative  amount  of  subtidal  area  is 
"  not  correlated  well  with  the  amount  of  coastline. 

Nevertheless,  the  coastline  values  were  used  to  es¬ 
timate  subtidal  abundances  for  lack  of  a  better 
estimator.  Subtidal  seaweeds  were  assured  to  be 
present  on  all  rock  bottoms  and  one-half  as  abundant 
on  cobble/gravel  bottoms.  In  the  Winter,  it  was 
assumed  that  the  vegetation  was  reduced  by  one-half. 

FLOATING  SEAWEEDS  -  as  with  eelgrass  beds,  it  was  difficult 

to  estimate  the  occurence  of  these  based  on  substrate 
alone.  According  to  Druehr6,  this  type  does  not 
occur  north  of  the  Alaska  Peninsula.  Within  the 
limits  of  geographical  distribution,  it  was  assumed 
that  floating  seaweeds  occurred  on  rock  bottoms  only 
in  the  Summer. 


A  summary  of  the  calculations  used  to  estimate  the  abundance  of  the  various 
categories  of  flora  based  on  substrate  abundance  is  given  in  Table  9-2. 

Many  species  are  reported  in  the  marine  flora  of  Alaska,  but  the 
presentation  of  a  species  list  does  not  provide  much  information  abc-t  the 
effects  which  might  result  from  an  oil  spill.  Therefore,  a  general  descrip¬ 
tion  of  the  flora  categories  will  be  presented  in  which  only  the  more  abun¬ 
dant  species,  those  which  are  thought  to  be  more  severly  affected  by  oil,  or 
which  are  known  to  be  important  in  other  respects,  will  be  mentioned.  Lists 
of  species  can  be  obtained  from  the  literature  cited. 

(a)  DISTRIBUTION  OF  STRAND  VEGETATION  IN  ALASKA 

Breckon  and  Barbour47  have  presented  a  recent  review  of  the  strand 
vegetation  of  the  Pacific  North  American  Coast,  including  Alaska.  Strand 
vegetation  is  composed  of  vascular  (flowering)  plants  which  occur  above  the 
intertidal  region  on  sandy  and  gravelly  substrates  where  salt  spray  from  the 
ocean  affects  the  composition  of  the  flora.  Most  strand  species  are  obligate 
or  facultative  halopytes  (halopytes— able  to  tolerate  salty  soil  and/or  salt 
spray).47 
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The  strand  environment  is  very  unstable,  particularly  on  the  north 
and  west  coasts  of  Alaska  where  extensive  Winter  ice  scouring  destroys  most 
or  all  of  the  plants  which  become  established  during  the  Summer  months. 32 »36» 
40  Thus,  all  of  these  plants  are  Summer  annuals.  Almost  all  of  the  species 
of  strand  vegetation  in  Alaska  have  circumarctic  or  Beringian-Eastern  North 
American  distributions,  with  only  a  few  species  which  can  be  characterized 
as  temperate  beach,  Beringian,  or  introduced.  A  list  of  the  first  two  types 
is  given  in  Table  9-3. 

Associated  with  the  biological  resource  cataloging  was  a  literature 
search  to  gather  data  on  the  impact  of  oil  spills  on  the  flora/fauna  and  nat¬ 
ural  processes  involved  at  the  study  location.  Again,  the  number  of  specific 
references  is  large  and  cannot  simply  be  summarized  here  (see  list  of 
references  in  Section  4). 

TABLE  9-3.  STRAND  VEGETATION  SPECIES  IN  ALASKA,  ACCORDING  TO 
GEOGRAPHICAL  RANGE  (NORTHERN  LIMIT  INDICATED  IN  (): 

Y  =  YAKUTAT,  K  =  KOTZEBUE) 


CIRCUMARCTIC 

(1) 

Festuca  rubra  (Y) 
Honobenya  pep  todies 
Lathryrrus  japonicus 
Lingustiaur.  scoticum  (K) 
Mertensia  naritima 


BERINGIAN-EASTERN  NORTH  AMERICAN 
_ (2) _ 

Angleical  lucida  (K) 

Conioselinum  chinense  (K) 

Elymus  mollis 

Poa  eminens  ( K) 

Sensaio  pseudo-arnica  (K) 
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B.  SOURCES 

As  noted,  this  was  a  literature  study  rather  than  a  field  study--no 
Alaska  field  investigations  were  made  by  the  research  team.  Several  team 
members  had  previously  visited  most  of  the  17  locations  in  this  study. 

Tn  addition  to  researching  the  available  literature,  MSNW  visited 
with  individuals  having  special  knowledge  of  the  study  areas  both  locally 
and  in  Alaska.  A  summary  of  these  source  agencies  and  their  locations 
fol lows : 


Alyeska  Pipeline  Service  Company,  Anchorage,  Alaska 
U.S.D.I.,  Bureau  of  Land  Management,  OCS,  Anchorage,  Alaska 
Arctic  Environmental  Information  and  Data  Center,  Anchorage, 
Alaska 

U.S.D.I.,  Alaska  Pipeline  Office,  Anchorage,  Alaska 
U.S.D.I.,  Sport  Fish  and  Wildlife  Service,  Anchoraqe,  Alaska 
U.S.D.I.,  National  Park  Service,  Anchorage,  Alaska 
U.S.D.I.,  Bureau  of  Outdoor  Recreation,  Anchorage,  Alaska 
U.S.  Army,  Corps  of  Engineers,  Anchorage,  Alaska 
Environmental  Protection  Agency,  Anchorage,  Fairbanks,  Alaska 
Alaska  Department  of  Fish  and  Game,  Anchorage,  Fairbanks, 

Juneau,  Alaska 

University  of  Alaska,  Fairbanks,  Alaska 
Institute  of  Marine  Sciences 
Geophysical  Institute 
Tundra  Biome  Center 

NOAA,  National  Marine  Fisheries  Service,  Juneau,  Alaska  and 
Seattle,  Washington 

U.S.D.I.,  Forest  Service,  Juneau,  Alaska 
U.S.  Coast  Guard  Environmental  Branch,  Juneau,  Alaska 
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SECTION  10.  FUTURE  STUDIES 


Pecognizing  the  pioneering  nature  of  this  study^he  U.S.  Coast  Guard 
directed  MSNW  to  identify  data  gaps  and  recommend  further  studies  that  are 
needed  to  reduce  such  paps  and  improve  the  methodology.  This  Section  pro¬ 
vides  such  information  grouped  under  four  headings:  Biological  Data, 
rhvsical  Data,  Oil  Cleanup,  and  Containment  and  Spill  Response  Readiness. 

A.  BIOLOGICAL  DATA 

Clearlv  absent  from  the  literature  are  comprehensive  descriptions  of 
biological  species  and  their  abunda^.e  at  many  of  the  sites  of  interest  to 
this  study.  This  information  is  needed  if  one  is  to  more  accurately 
estimate  the  consequences  of  a  spill  in  advance  and  portray  a  baseline 
against  which  post-spill  conditions  can  be  compared.  The  relation  of  par¬ 
ticular  species  to  the  overall  food  web  is  also  important  in  this  reqard. 
Population  and  repopulation  dynamics  for  various  species,  if  known,  would 
have  been  of  oreat  assistance  to  the  project  investigators  in  assessing  the 
lonn-ter"  impact  of  spills.  This  latter  information  would  also  be  useful 
in  weighinn  the  value  of  implementing  cleanup  measures  following  a  spill. 

The  task  of  the  project  investigators  would  have  been  greatly  simplified  had 
there  been  some  understanding  of  the  economic  value  of  different  species  as 
well.  Finally,  the  short-term  and  chronic  (long-term)  effect  of  low  level 
concentrations  of  oil  on  flora  and  fauna  requires  better  understanding. 

It  is  recommended  that  investigations  to  characterize  species  diver¬ 
sity  and  abundance  at  locations  that  are  susceptible  to  spill  impact  be 
conducted.  Decognizing  the  high  cost  an^  time  required  to  perform  such 
studies,  however,  it  is  suggested  that  study  locations  be  prioritized  and 

:  I 


selected  only  after  sites  having  high  spill  probability  have  been  identified. 
It  is  recommended  that  the  Coast  Guard  initiate  or  influence  the  initiation 
of  studies  leading  toward  an  understanding  of  food  web  dynamics,  population 
and  repopulation  dynamics,  and  the  economic  value  of  different  biological 
snecies.  Finally,  a  concerted  effort  should  be  made  to  accurately  character¬ 
ize  the  effects  of  oil  on  flora  and  fauna  of  interest. 

B.  PHYSICAL  data 

Both  the  magnitude  and  direction  of  wind  and  current  vectors  must  be 
accurately  known  at  the  time  a  spill  occurs  if  one  is  to  maximize  his 
opportunities  to  invoke  effective  countermeasures.  It  may  be  argued  that  on¬ 
site  observation  can  be  employed  at  such  times  to  effectively  provide  this 
information.  Extreme  weather  and  e/tended  periods  of  darkness  can  prevent 
accurate  observations,  however.  Moreover,  lack  of  such  information  handi¬ 
caps  one's  ability  to  plan-in-advance  as,  for  example,  investigating  the  need 
for  special  control  measures  for  oil  operations  and  transportation.  This 
same  lack  of  information  handicapped  the  project  team.  Simplifying  assump¬ 
tions  that  were  made  regarding  nearshore  currents  strongly  influenced  the 
degree  of  soil!  impact  that  was  estimated  for  different  spill  cases.  In¬ 
formation  regarding  the  physical  characteristics  of  rivers  downstream  of 
TAPS  crossinqs  was  alsn  found  to  be  lacking  by  the  project  team.  Finally, 
tie  need  for  a  better  understanding  of  nearshore  ice  dynamics  snd  the 
degradation  of  oil  in  the  Arctic  environment  was  identified.  It  is 
recommended  that  studies  be  conducted  to  define  nearshore  currents  at 
those  locations  where  a  high  probability  for  oil  spills  has  been  determined. 
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A  network  of  fixed  stations  to  continuously  signal  wind  direction  and 
magnitude  is  in  existance;  consideration  should  be  given  to  extending  the 
system  in  locations  of  high  spill  probability. 

is  further  recommended  that  studies  be  initiated  to  define  river 
characteristics  below  TAPS  crossings.  Also  needed  is  information  regarding 
the  vertical  dispersion  of  oil  and  its  constituents  in  water  columns.  Near¬ 
shore  ice  dynamics  need  to  be  characterized  at  locations  of  interest  as  well. 
Finally,  oil -speci fid  studies  should  be  undertaken  which  will  define  the 
relative  biological  toxicity  and  shore  impact  potential  of  oil  with  time 
in  the  Alaskan  regime.  It  is  also  known  that  the  rate  of  depredation  can  be 
affected  by  the  degree  of  fertilization  present;  the  effectiveness  of  such 
fertil ization  should  be  studied. 

The  study  team  developed  a  comprehensive  model  for  analyzing  the 
dispersion  of  oil  on  calm  seas.  No  solid  information  was  available  with 
which  to  test  the  model’s  effectiveness  against  historical  incidents, 
however.  In  this  connection,  it  is  recommended  that  the  Coast  Guard  Dre- 
pare  a  manual  that  defines  time  sequence  observational  data  important  to 
qround  truthinq  such  models  and  issue  it  to  appropriate  units  for  imple¬ 
mentation  of  systamatic  data  qatherinq  at  future  spills.  This  could  supple¬ 
ment  the  existant  Pollution  Incident  Reporting  System  (PIRS)  now  in  use. 

Upon  receipt  of  such  data,  analytical  models  should  be  modified  as  nec¬ 
essary.  Of  particular  importance  in  this  reqard  is  more  fundamental  in¬ 
formation  regarding  the  spread  of  oil  under  sea  ice.  Also,  specific  in¬ 
formation  concerning  observed  water-in-oil  emulsion  formation  and  sub¬ 
sequent  transport  of  such  emulsion  should  be  compiled. 
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C.  SPILL  CLEANUP 

The  study  investigators  identified  combustion  on  site  as  a  potentially 
effective  method  for  disposing  of  oil  in  sea  ice  regimes.  The  dispersion  of 
combustion  products  downwind  of  a  disposal  site  and  their  effect  on  the  albedo 
and  the  ecology  required  prior  understanding  and  should  be  studied.  Methods 
for  disposing  of  recovered  oil  at  other  locations  also  require  careful  examina¬ 
tion.  Finally,  the  performance  of  pickup  and  containment  equipment  that  has 
^Aen  tested  in  calm  water  and  is  currently  undergoing  rough  sea  testing  re¬ 
quires  testing  in  sea  ice  environments.  Dispersants  are  currently  used  as 
the  primary  method  of  combating  oil  spills  by  most  foreign  countries.  USCG 
strike  team  personnel  observing  and/or  advising  on  such  spill  incidents  as  they 
occur  around  the  world  should  systematically  gather  data  bearing  on  toxicity 
of  oil  and/or  dispersant  as  well  as  investigate  synergistic  effects  in  real 
spill  incidents.  Appropriate  guidelines  as  to  what  type  of  information  is 
needed  and  how  to  acquire  it  need  to  be  developed. 

An  additional  recommendation  would  be  to  require  shippers  to  file  cargo 
specification  data  which  would  be  valuable  in  oil  spill  response  operations 
by  the  U.S.  Coast  Guard.  Minimal  parameters  required  of  cargoes  are  (1)  spe¬ 
cific  gravity  as  a  function  of  temperature,  (2)  viscosity  as  a  function  of 
temperature,  (3)  surface  tension,  and  (4)  pour  temperature. 

D.  SPILL  RESPONSE 

A  lesson  continually  brought  home  to  the  study  investigators  in  the 
course  of  this  study  was  the  need  for  rapid  spill  response  to  minimize  spill 
damage.  This  particularly  applied  to  spills  in  confined  waters.  Natural 
dispersion  mechanisms  act  so  quickly  at  many  locations  that  countermeasures, 
if  any,  need  to  be  rapidly  applied.  It  follows  that  prevention  is  the 


10-4 


better  part  of  the  "cure."  In  this  regard,  tanker  route  selection  and 
traffic  control  measures  warrant  careful  definition;  so  also  do  the  design 
and  location  of  pipelines  and  shoreside  transfer  and  storage  locations. 

In  some  situations,  there  will  be  sufficient  time  following  a  spill 
to  effect  useful  countermeasures.  In  this  regard,  it  is  recommended  that 
the  selection  of  staging  area  sites  be  made  with  an  eye  toward  logistic 
effectiveness  and  damage  to  the  environment  resulting  from  the  staging  areas 
themselves.  It  is  also  urged  that  consideration  be  given  to  predigitizing 
shoreline  contours,  currents,  cleanup  equipment  inventories-response  times, 
and  biological  data  at  "high  risk"  locations,  together  with  a  spill  disper¬ 
sion  model,  so  that  appropriate  data  can  quickly  be  made  available  to  response 
teams . 

As  previously  noted,  severe  weather  and  extended  darkness  may  handicap 
the  tracking  of  slick  boundaries.  Such  conditions  may  also  inhibit  the 
initial  detection  of  spills.  It  is  recommended  that  strong  consideration  be 
given  to  establishing  fixed,  remote  monitoring  stations  at  some  locations. 
Techniques  exist  that  can  be  adapted  for  this  purpose.  Techniques  for  detect¬ 
ing  oil  under  ice  is  clearly  another  subject  deserving  of  investigation. 
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APPENDIX  A.  DISTRIBUTION  OF  MARINE  ALGAE  IN  ALASKA 


Very  little  is  known  of  the  marine  algae  of  Alaska,  especially  in 
view  of  the  extensive  rocky  coasts  which  are  suitable  for  the  growth  of 
these  plants  in  Alaska.  Kjellman1  was  one  of  the  first  to  collect  exten¬ 
sively  in  the  Bering  Sea  and  report  on  the  algal  communities.  Kjellman1 
suggested  the  existence  of  an  Aleutian  flora  with  a  "southern"  boundary  at 
Unalaska  Island  and  a  northern  boundary  at  Bering  Strait.  In  a  later  paper, 
the  southern  boundary  of  the  Arctic  flora  was  stated  to  be  at  Bering  Strait. 

The  phytoqeoqraphy  of  the  Alaskan  coast  south  and  east  of  the  Aleutian 
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Islands  was  discussed  by  several  authors.  The  most  recent  paper  sugges¬ 
ted  that  a  transitional  region  occurs  in  the  vicinity  of  Sitka  in  south¬ 
eastern  Alaska.  Recent  papers  that  have  been  published  on  the  distribution 
of  some  of  the  kelps10"13  indicated  that  most  of  the  large  species  that  form 

floating  kelp  beds  do  not  occur  north  of  the  Alaska  Peninsula.  Studies  in 

14-18 

the  Aleutian  Islands  appear  to  confirm  the  presence  of  a  number  of 
species  which  are  endemic  to  the  area.  In  terms  of  phytogeography  of  sea¬ 
weeds,  it  appears  that  the  Alaskan  coast  can  be  divided  roughly  into  three 
major  areas  (Table  A-l  ).  Because  almost  no  collections  of  marine  algae 
have  been  made  between  the  Alaska  Peninsula  and  Bering  Strait,  the  transi¬ 
tion  between  the  Aleutian  and  Arctic  floras  is  unknown.  For  the  purposes 
of  this  report,  the  Arctic  flora  is  arbitrarily  assigned  to  those  coasts 
with  shore-fast  ice  in  Winter,  i.e.,  from  the  north  side  of  the  Alaska 


Peninsula  northward. 


REGIONAL  TYPES  OF  MARINE  ALGAE 

m  most  studies  of  marine  algal  conmunities,  the  Initial  division  is 
between  the  irtertidal  (littoral)  and  subtidal  (sub-littoral)  regions.  The 
intertidal  region  is  that  area  of  the  shore  between  the  highest  high  tide 
level  and  the  lowest  low  tide  level.  Because  oil  tends  to  float  on  the 
surface  of  the  sea,  and  this  floating  portion  would  come  into  direct  contact 
with  the  plants  of  the  intertidal  region,  this  division  of  communities  is 
used  in  this  report. 

4  * 

According  to  Scagel ,  the  intertidal  flora  is  more  cosmopolitan  be¬ 
cause  in  one  locality  the  plants  tolerate  much  greater  environmental  extremes 
than  those  of  the  subtidal  region;  thus  they  can  occur  over  a  larger  geo¬ 
graphical  area.  Although  there  exist  lists  of  Intertidal  species  collected 
1-3  15  28 

in  Alaska,  ’  none  of  these  surveys  covers,  in  any  detail,  the  dis¬ 
tribution  and  ecology  of  the  species.  The  only  studies  dealing  with  these 

14  29 

topics  have  been  in  the  Aleutians  and  in  south  Alaska.  According  to 
1  2 

Kjellman,  ’  the  intertidal  flora  of  the  Arctic  coast  of  Alaska  is  very  re¬ 
duced  or  lacking.  A  comparison  of  the  major  intertidal  zones  of  the  Aleutian 
and  south  Alaskan  areas  is  given  in  Table  A-2.  When  differences  in  exposure 
and  methods  in  the  two  studies  are  taken  into  account,  together  with  the  fact 
that  the  Prince  William  Sound  study  was  made  in  an  earthquake-disturbed  area, 
there  is  general  agreement  in  the  major  zones.  Thus,  although  species 
composition  may  differ  slightly,  the  community  structure  of  the  two  areas 
is  probably  very  similar. 

* 

Cosmopol itan--found  everywhere  or  over  a  relatively  large  area. 
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The  subtidal  region  extends  from  the  lowest  low  tide  level  downward. 
The  lower  limit  of  marine  plants  is  not  easily  defined  because  it  depends 
directly  on  the  amount  (and  possibly  the  wavelengths)  of  light  which  reaches 
the  bottom.  This  is  affected  by  many  variables  such  as  aspect,  water  clar¬ 
ity,  etc.  Lack  of  rock  substrate  also  limits  plants  in  the  subtidal. 
Generally,  along  a  unit  of  shoreline,  much  more  area  is  occupied  by  the 
subtidal  flora  than  the  intertidal  flora.  It  is  probably  reasonable  to 
assume  that  on  the  average  the  type  of  substrate  in  the  subtidal  region  is 
the  same  as  that  of  the  adjoining  shore.  For  lack  of  a  better  estimator  of 
this  parameter,  this  assumption  has  been  used  to  estimate  the  theoretical 
subtidal  vegetation  as  described  elsewhere  in  this  report.  Even  less  is 
known  of  the  subtidal  vegetation  in  Alaska  than  is  known  of  the  intertidal 
vegetation.  However,  it  is  presumed  that  the  differences  between  the  sub¬ 
tidal  floras  of  the  Arctic,  Aleutian  and  south  Alaskan  areas  are  greater 
than  those  of  the  intertidal  region.^  One  indication  of  the  community 
differences  is  the  fact  that  floatinq  kelps,  which  form  extensive  beds  in 

the  Aleutian  and  south  Alaskan  areas,  are  totally  lacking  from  the  Arctic 
13 

area.  In  the  Aleutian  area  there  is  only  one  species  of  floating  kelp, 

Alaria  fistulosa whereas  in  the  south  Alaska  area  both  A.  fistulosa 

13  30 

and  Nereooystis  form  floating  kelp  beds.  ’  Because  of  the  direct  in¬ 
fluence  of  an  oil  spill  on  floating  kelps  and  their  importance  in  structur¬ 
ing  algal  communities,  floating  kelp  beds  are  given  a  separate  category 
even  though  they  are  technically  a  part  of  the  subtidal  vegetation.  The 
type  of  algal  vegetation  expected  at  each  site  is  indicated  in  Table  A-3. 
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Native  (subsistence)  use  of  seaweeds  for  food  and  raw  materials  was 
undoubtedly  frequent  before  the  exploitation  of  Alaska  by  white  men  but  Is 
probably  nonexistent  now.  No  commercial  harvesting  of  algae  is  known  to 
occur  in  Alaska,  although  there  would  appear  to  be  possibilities  for  future 
exploitation.  Because  plants  form  the  ultimate  source  of  food  in  all  food 
webs,  they  are  essential  to  the  maintenance  of  an  ecosystem  and  thus  they 
have  a  great  "ecological  importance." 

EELGRASS 

An  important  member  of  the  marine  plant  communities  of  Alaska  is  the 
flowering  vascular  plant  Zoetera  marina  (eelgrass).  This  plant  occurs  in 
the  shallow  subtidal  region  on  non-rocky  bottoms  and  has  recently  been 
studied  extensively  in  Alaska.31,32,33  Reports  of  this  plant  were  also  made 
by  Johansen29  in  Prince  William  Sound.  In  some  areas,  eelgrass  forms  exten¬ 
sive  meadows  and  forms  major  feeding  grounds  during  short  periods  of  the 
Spring  and  Fall  for  large  numbers  of  migrating  waterfowl  (e.p.,  black  brant 
in  Izembek  Lagoon  near  Port  Moller).  Consequently,  these  eelgrass  beds  are 
critical  in  supporting  large  waterfowl  populations  and  have  a  high  "ecologi¬ 
cal  importance."  No  subsistence  or  commercial  use  of  this  plant  occurs  in 
Alaska. 
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TABLE  A-l.  MAJOR  PHYTOGEOGRAPH  I  CAL  AREAS  OF  MARINE  ALGAE 
IN  ALASKA  AND  THEIR  ASSUMED  OR  INFERRED  BOUNDARIES 


NAME 

_ 01 _ 

South  Alaskan 

Aleutian 

Arctic 


BOUNDARIES 

_ in _ 

Sitka  to  Alaska  Peninsula 
Aleutian  Islands 
Alaska  Peninsula  northward 


TABLE  A-2.  COMPARISON  OF  MAJOR  INTERTIDAL  ALGAL  ZONES  IN  ALASKA 


RELATIVE  LEVEL 
_ 0) 

Highest 


Lowest 


SOUTH  ALASKAN1 

_ l2)  - 

Praeiola 

Verrucaria 

Blidingia 

Gloiopeltie 

Fucue 

Rhodymenia 

Maria 

Laminaria 


ALEUTIAN7 

■J1L  ■ 

Praeiola 

Rhodoohortcn 


ARCTICJ 

M 

(very  sparse 
or  lacking) 


Fucua-Porphyra 
Hedophy  l  Im-Halosaocion 
Maria 
Laminaria 


1  (29) 

2  (14) 

3  (1) 


TABLE  A-3.  SPILL 

SITES  ACCORDING  TO  MAJOR 

ALGAL  VEGETATION  AREAS 

ALEUTIAN 

SOUTH  ALASKAN 

ARCTIC 

(1) 

(2) 

(3) 

Unimak  Pass 

Yakutat 

Port  Moller 

Valdez  Harbor 

Kvichak  Bay 

Valdez  Narrows 

St.  Matthew  Island 

Offshore  Port  Graham 

Nome 

Kamlshak  Bay 

Cape  Blossom 

Drift  River 

Offshore  Prudhoe 

Onshore  Prudhoe 
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FAUNAL  SENSITIVITY  PERIODS  BY  LOCATION 
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APPENDIX  D 


BIOLOGICAL  AND  PHYSICAL  INFORMATIONAL 
RESOURCES  BY  LOCATION 


YAKUTAT:  INFORMATIONAL  RESOURCES 


•  Yakutat  Salmon  id  Resources 

e  Fish  and  Shellfish  Important  at  Yakutat 

•  Fish  and  Shellfish  Important  at  Yakutat  As  Determined  From 
National  Marine  Fisheries  Service  Data 

•  Yakutat  Intertidal  Species  (Personal  Communication,  Steve 
Zimmerman  to  John  Isakson,  December  26,  1974) 

•  Resource  Assessment  of  the  Gulf  of  Alaska  (National  Marine 
Fisheries  Service) 

•  Yakutat  Vicinity  Mammals  and  Birds 

•  Summary  of  Surface  Weather  Observations  (Part  C  -  Surface  Winds) 

•  Gulf  of  Alaska  -  Surface  Winds 

•  Yakutat  -  Wind  Transition  Probabilities 
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YAKUTAT  SALMONID  RESOURCES 


Sockeye  and  coho  salmon  are  the  most  abundant  in  this  area,  kinas 
the  least  abundant.  Estimates  of  abundance  are  given  below  (average  for 
period  1960-69): 

King  6,000 
Sockeye  253,000 
Coho  333,000 
Pink  50,000 
Chums  17,000 

There  is  a  set  gill  net  and  troll  fishery  at  Yakutat.  The  timing  on  the 
fishery  is  probably  similar  to  the  Bering  River  District,  June-September. 
The  average  catches  (1960-69)  and  value  are  listed  below: 


Catch 

Value  to  Fisherman 

Kings 

2,352 

$  16,048 

Sockeye 

95,197 

187,190 

Coho 

125,205 

257,207 

Pink 

33,106 

17,033 

Chum 

9,923 

11,013 

The  average  catch  at  Yakutat  is  approximately  98.8  percent  of  total  Alaska 
salmon  catch  with  an  average  value  of  1.2  percent  of  total  Alaska. 

The  run  timing  extends  from  June  through  September.  There  are  local 
spawning  populations  of  sockeye,  pink  and  coho  salmon  (kings  and  chums  in 
very  low  abundance). 

The  juveniles  move  out  of  freshwater  in  the  late  spring  and  early 
summer  and  would  be  in  the  coastal  area  until  September.  The  pink  salmon 
in  particular  would  probably  remain  in  Yakutat  Bay  until  early  September 
before  movina  into  the  Gulf  of  Alaska.  They  would  typically  be  most  abun¬ 
dant  in  estuarine  conditions. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  State  of  Alaska.  Department  of  Fish  and  Game.  Statistical 
Leaflet,  1960  -  1969. 

2.  International  North  Pacific  Fisheries  Commission.  Statistical 
Yearbook,  i960  -  1969. 

3.  Rosenberg,  Donald  H.  (editor),  A  REVIEW  OF  THE  w C z. .4.1  _  'jP./iz'h I  A .*» L 
RENEWABLE  RESOURCES  OF  THE  NORTHERN  GULF  OF  ALASKA ,  Insititute  of  Marine 
Science,  University  of  Alaska,  IMS  Report  R72-23,  Sea  Grant  Report  73-3, 
February  1972. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  YAKUTAT 


Hal ibut 

Starry  Flounder 
Flathead  Sole 
Butter  Sole 
Walleye  Pollock 
Pacific  Tomcod 
Eulachon  (Smelt) 

Cottids 

Weathervane  Scallop 
Other  Shellfish 
Razor  Clams 

HALIBUT  (Hippoglossus  stenolepsis)^ 

Adults  fished  commercially  offshore  from  May  through  September.  Area 
of  moderate  importance  in  landings.  Spawning  occurs  in  200  fathoms  offshore 
in  this  area  from  December  through  February.  Pelagic  eggs  and  larvae  will 
drift  westward  with  the  Alaska  Stream. ^ 


Juveniles  found  on  open  ocean  beaches  in 
through  October,  some  inside  of  Yakutat  Bay.3 


small  quantities  from  June 


Juveniles  feed  on  small  crustaceans  and  graduate  to  larger  species 
and  fish  with  increasing  size.  Adults  are  primary  predators. 


A  spill  in  Summer  or  Fall  would  have  severe  short-term  effects  in 
displacement  of  adults  and  probably  mortality  of  juveniles.  Long-term 
effects  would  probably  be  minimal  due  to  drift  to  larvae  from  area  to  the 
south.  If  small  food  items  cannot  repopulate  the  area,  there  may  be  severe 
effects  from  altered  food  items. 


FLATHEAD  SOLE1 

Spawning  probably  starts  as  early  as  April  and  continues  until  July 
in  warmer  areas  of  Bering  Sea.4  Feed  on  Ophiuroids,  shrimps,  amphipod,  fish, 
and  mollusks.4  Feed  on  Ophiuroids  and  crustaceans. 

OTHER  FLOUNDERS1 

Species  mosc  likely  to  be  affected  are  shallow  water  species  such  as 
starry  flounder  (Platichthys  stellatus) ,  flathead  sole  ( Hippoglossoid.es 
elassodon) ,  and  butter  sole  (Isopsetta  isolepis) .  None  are  now  of  commercial 
importance  to  the  domestic  industry  but  may  be  in  the  future.  Some  are 
probably  taken  by  foreign  trawlers.6 
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FISH  AND  SHELLFISH  IMPORTANT  AT  YAKUTAT  (CONT'D.) 


Inside  of  Yakutat  Bay  starry  flounder  are  probably  important..^ 

Orcutt  reported  spawning  during  December  and  January  in  California. '  Eggs 
are  pelagic  and  hatch  in  4.5  days  at  10.5°C.  Metamorpholsed  fish  were 
found  on  the  bottom  by  March  20th.  Feeds  on  Invertlbrates,  mostly  crusta¬ 
ceans,  utilizing  larger  animals  with  increasing  size.8  Miller  also  reported 
on  the  food  habit  of  adult  starry  flounder  In  Washington.8 

Outside  the  Bay,  the  flathead  sole  is  relatively  more  important.  Little 
is  known  about  life  history  and  feeding  habit.  It  Is  considered  to  be  a 
large-mouth  flounder  and  probably  feeds  on  larger  organisms,  Including  fish. 
Under  laboratory  conditions  flathead  sole  had  an  incubation  time  of  nine  days 
at  9.6°C  and  21  days  at  2.4°C.9  Catches  of  over  2,000  pounds  per  hour  of 
flathead  sole  were  reported.!8  This  area  had  best  catches  of  flathead  sole 
in  eastern  Gulf  of  Alaska. 


SOURCES: 

1.  Best,  E.  A.,  International  Pacific  Halibut  Commission,  personal 
communication. 

2.  Thompson,  W.  F.,  and  R.  Van  Cl  eve,  LIFE  HISTORY  OF  THE  PACIFIC  HALIBUT. 
(2)  distribution  and  EARLY  LIFE  HISTORY,  Report  of  the  International  Fisheries 
Commission  No.  9,  Seattle,  1936. 

3.  Best,  E.  A.,  JUVENILE  HALIBUT  IN  THE  GULF  OF  ALASKA  TRAWL  SURVEYS 

1970-1972.  Intern.  Pac.  Halibut  Conin.  Tech.  Rept.,  12:63  p.,  1974. 

4.  Mineva,  T.  A.,  "On  the  Biology  of  Some  Flat  Fishes  In  the  Eastern 
Bering  Sea,"  In:  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC , 
part  II.,  P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1964. 

5.  Skalkin,  V.  A.,  "Diet  of  Flatfishes  in  the  Southeastern  Bering  Sea," 
In:  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC ,  PART  I., 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1963. 

6.  Schaefers,  E.  A.,  and  K.  A.  Smith,  SHELLFISH  EXPLORATION  IN  THE 
YAKUTAT  BAY  AREA,  ALASKA,  BY  THE  JOHN  N.  COBB,  SPRING  1963.,  Comm.  Fish. 

Rev.  16(3) : 1-12,  1954. 

7.  Orcutt,  H.  G.,  "The  Life  History  of  the  Starry  Flounder,  Platichthys 
atillatus  (Pallas),"  CALIF.  DEPT.  FISH  AND  GAME,  FISH.  BULL.,  78:64  p.,  1950. 

8.  Miller,  B.  S.,  "Stomach  Contents  of  Adult  Starry  Flounder  and  Sand 
Sole  in  East  Sound,  Washington,"  J.  FISH.  RES.  BD.  CANADA,  24(12): 2515-2526, 
1967. 

9.  Forrester,  C.  R.,  and  D.  F.  Alderdire,  "Preliminary  Observations  on 
the  Embryonic  Development  of  the  Flathead  Sole  ( Hippogloesoides  elaseodon) ," 
FISH.  RES.  BD.  CANADA,  Tech.  Rept.  100:20  p.,  1968. 

10.  Hitz,  C.  R.,  and  W.  F.  Rathjen,  "Bottom  Trawling  Surveys  of  the 
Northeastern  Gulf  of  Alaska  (Summer  and  Fall  of  1961  and  Spring  of  1962)," 

COMM.  FISH.  REV.,  27(a): 1-15,  1965. 


D-4 


FISH  AND  SHELLFISH  IMPORTANT  AT  YAKUTAT 
AS  DETERMINED  FROM  NATIONAL  MARINE  FISHERIES  SERVICE  DATA 


FISH 

ABUNDANCE/PRESENCE 

Rockfish 

Pacific  Halibut 

Other  Flatfish 
Sableflsh 

Trace  at  100  fathoms  offshore 

Trace  near  mouth  of  Yakutat  Bay 
Trace 

Trace  beyond  100  fathoms 

SHELLFISH 

Tanner  Crab 

King  Crab 

Dungeness  Crab 

Shrimp 

Scallops 

Present  many  locations 

Absent 

Present  off  east  side  of  Bay  mouth 
Trace  to  >  5000  lb/hr  In  Bay 

Trace  to  <  200  Ib/hr  In  Bay 

SOURCE:  Maturgo,  Zenaida  A.,  EXPLORATORY  FISHING  DRAGS  FOR  DEMERSAL 

FISH  AND  SHELLFISH,  GULF  OF  ALASKA,  Environmental  Conservation 
Department,  Shell  Oil  Company,  Houston  -  information  taken  from 
figures,  1972. 
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RECEIVED n-C  3  1  197* 


UJ.  DEPARTMENT  OF  COMMERCE 

NatiMMl  Ootwli  mhI  AtoMspharle  AMiiiatntlM 

Auke  Bay  Fisheries  Laboratory 

P.0.  Box  15S 

Auke  Bay,  Alaska  99821 


December  26,  1974 


Mr.  John  Isakson 

Mathematical  Sciences  Northwest  Inc. 

P.0.  Box  SS36 

Seattle,  Washington  9810S 

Dear  John: 

Enclosed  are  the  species  lists  we  discussed.  I  would  like  to 
reiterate  the  fact  that  they  are  incomplete  and  possibly  in¬ 
accurate.  The  incompleteness  results  from  the  fact  that  high 
surf  precluded  our  working  in  the  lower  zones.  We  probably 
saw  nothing  of  the  species  from  lower  than  the  middle  of  the 
Mytilus  zone.  Inaccuracies,  if  any,  will  have  resulted  because 
much  of  the  list  is  based  on  field  work  and  not  laboratory 
identifications. 

In  2  to  3  months  we  hope  to  liave  the  Yakutat  data  back  from  the 
sorting  center  in  Fairbanks.  At  that  time  we  can  probably  add 
or  correct  some  species.  A  good  list,  however,  will  not  be 
available  until  we  can  work  lower  in  the  intertidal  zone. 
Further  field  work  is  not  scheduled  for  Yakutat  until  Aprii. 

I  hope  this  may  be  of  some  benefit  to  you. 


Oceanographer 

Enclosure 
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YAKUTAT 


October  11,  1974 


Green  algae 

|  Enteromorpha  sp.  (juv) 

1  Spongomorpha  sax  a  tails  (s)  on  Rhodymenla  palmata 
|  Ulva  (rlglda)  (juv)  on  Rhodymenla  palmata 

Brown  algae 
I  Fucus  dlstlchus  (f) 
l Petalonla  fascia  on  Rhodymenla  palmata 
l  Pllayella  llttoralls  (unilocular)  on  wood 

Red  algae 

l  Calllthamnlon  plkeanum  var.  paclflcum  (%,#?,  6) 
l  Endocladla  murlcata 
\  Glgartlna  exasperata 
l  Glgartlna  paplllata 

3  Odonthalla  floccosa 

\  Polyslphonla  hendryl  (  8  ) 

4  Porphyra  sp .  (f) 

|  Rhodymenla  palmata 
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u.s.  department  of  commerce 

National  Oceanic  and  Atmospheric  Administration 

NATIONAL  MARINE  FISHERIES  SERVICE 

Auke  Bay  Fisheries  Laboratory 

P.  0.  Box  155,  Auke  Bay,  Alaska  99821 


Datu  23  December,  197^  Rtplyto  Attn,  of: 

V 

To  S.  Zimmerman 

From  N.  Smith 


Sublet:  Yakutat  intertidal  species 


Following  is  a  list  of  Takutat  intertidal  species  taken  from  my 
field  notes.  It  is  incomplete  and  probably  inaccurate.  They  have 
not  been  confirmed  by  lab  identification. 

Coelenterata 

Anthopleura  6p. 
small  brown  anemone 
hydroids 

Porifera 

orange  encrusting  sponge 

Nemertinea 

green  nemerteaa 
white  nemertean 

Echinodermata 

Leptasterias  sp. 

Annelida 

Eudistylia  sp. 

Mollusca 

Katharina  tunlcata 
Acmaea  persona 
A.  digitalis 
A.  fenestrata 
Littorina  sitkana 
Thais  sp. 

Mytllus  edilus 
Crustacea 

Balanus  cariosus 
Balanus  glandula 
Pagurus  hirsutiusculus 
Cancer  magister 
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GULF  OF  ALASKA 


Fish  and  Invertebrate  Resources 

The  Gulf  of  Alaska  is  inhabited  by  many  diverse  forms  of  fishes  and 
invertebrates.  Occurrences  and  relative  abundance  of  some  species  are 
well  defined  while  data  on  other  species  are  almost  non-existent.  The 
following  comments,  therefore,  are  based  on  the  existing  state  of 
knowledge  and  will  be  accurate  for  some  species  and  may  entirely  over¬ 
look  others.  These  comments  are  for  the  proposed  lease  areas  from 
Yakutat  Bay  to  Cape  Cleare,  including  the  eastern  portion  of  Prince 
William  Sound. 

The  fish  fauna  of  the  Gulf  of  Alaska  can  be  subdivided  into  two  groups, 
the  pelagic  species  and  the  demersal  species.  Pelagic  species  which 
are  either  presently  considered  commercially  important  or  are  potentially 
of "commercial  importance  include  five  species  of  salmon  (family 
Salmonidae) ,  four  species  of  smelt  (Osmeridae)  and  one  species  of 
herring  (Clupidae)  and  one  species  of  pomfret  (Bramidae).  In  the 
proposed  lease  areas,  the  most  abundant  species  of  pelagic  fish  include 
the  pink  salmon  (Oncorhvnchus  oorbuscha) .  chum  salmon  (O.  keta), 
sockeye  salmon  (O.  nerka) .  Pacific  herring  (Clupea  harenous  pal  Iasi ) , 
Pacific  pomfret  TBrama  japonica) .  eulachon  (Thaleichthvs  paci ficus) . 
and  capelin  (Mallotus  villosus) . 

The  demersal  fish  community  can  be  further  subdivided  into  elasaobranchs , 
flatfish,  roundfish,  and  rockfish.  Of  the  five  species  of  elasmobranchs 
found  in  the  eastern  Gulf  of  Alaska,  the  most  abundant  species  in  the 
lease  area  are  the  big  skate  (Raja  binoculata)  and  longnose  skate 
(R.  rhina) .  The  flatfish  group  is  the  largest  species  complex  in  the 
Gulf  of  Alaska  and  includes  approximately  15  species.  In  the  proposed 
lease  area  the  most  abundant  species  include  halibut  (Hippoolossus 
stenolepis) ,  turbot  (Atheresthes  stomias) ,  flathead  sole  (Hippoolossoides 
elassodon) .  rex  sole’  (Glyptocephalus  zachirus) .  Dover  sole 
(Micros~tomus  pacificus).  butter  sole  ttsopsetta lisolepis) ,  and  starry 
flounder  (Platichthvs  stellatus) .  Principal  roundfish  species  include 
Pacific  cod  (Gadus  m3crocephalus) ,  pollock  (Thecaora  chalcooramma) ,  and 
sablefish  (Anoplopoma  fimbria) .  One  group  of  roundfish,  the  rattails 
(Coryphaenoides) .  occurs  in  deeper  water  than  most  of  the  other  demersal 
species.  We  know  little  about  the  distribution,  abundance,  and  life 
history  of  rattails,  which  are  being  increasingly  exploited  by  the 
USSR  in  the  Gulf  of  Alaska  and  Bering  Sea.  The  rockfish  group  is 
dominated  by  Pacific  ocean  perch  (Sebastes  alutus) . 

The  invertebrate  populations  presently  of  commercial  importance  include 
the  king  crab  (Paralithodes  camtshatica) ,  golden  king  crab  (Li thodes 
aequi  spina) .  Snow  crab  (chionoecetes  bairdi) ,  Dungeness  crab  (Cancer 
naois tor) .  razor  clam  (Silioua  patula).  weathervane  scallop 
(Patinopecten  caurinus) .  and  pandalid  shrimp  (Pandalidae) . 
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Species  which  are  potentially  of  commercial  importance  are  almost  too 
numerous  to  mention.  Those  which  occur  in  the  proposed  lease  site  and 
which  are  utilized  in  other  areas  of  the  world  include  snails,  mussels, 
clams,  sea  urchins,  sea  cucumbers,  seaweed,  kelp,  and  shrimp  other  than 
pandalidsj  however,  little  data  are  available  on  many  of  these  species. 

Several  commercial  fisheries,  foreign  and  domestic,  occur  in  and  around 
the  proposed  lease  area.  Otter  trawl  fisheries  by  Japan  and  the 
Soviet  Union  harvest  large  quantities  of  Pacific  ocean  perch,  flatfish, 
and  other  demersal  fishes.  Longline  fisheries  are  conducted  for 
sablefish  by  the  Japanese  and  for  sablefish  and  halibut  by  the  United 
States  and  for  halibut  by  the  Canadians.  Salmon  fisheries  are  conducted 
by  U.S.  nationals  by  trolling  in  continental  shelf  waters  and  by  purse 
seining  and  gillnetting  inside  Prince  William  Sound  and  off  the  mouth 
of  the  Copper  River.  Pot  fisheries  by  U.S.  nationals  for  Snow  crab, 
king  crab,  Dungeness  crab,  and  spot  shrimp  occur  inside  Prince  William 
Sound  and  offshore  for  Snow  and  Dungeness  crabs.  Limited  dragging 
for  pandalid  shrimp  has  occurred  in  past  years.  A  dredge  fishery 
for  scallops  is  pursued  by  U.S.  fishermen  on  the  continental  shelf, 
while  razor  dams  are  harvested  by  digging  on  the  Cordova  Plats. 

Catch  statistics  for  these  fisheries  are  not  readily  available  explicitly 
for  the  proposed  lease  area.  Readily  available  catch  statistics  for  U.S. 
landings  for  the  time  period  1967-1971  include  both  the  eastern  and 
western  Gulf  of  Alaska  (Table  1);  Japanese  and  Russian  catch  statistics 
for  the  same  area  are  from  1967-1973  (Tables  2  and  3). 

From  1967  to  1971  fish  catches  in  the  Gulf  of  Alaska  for  the  United 
States,  Canada,  Japan,  and  the  Soviet  Union  ranged  from  232,322  to 
253,148  metric  tons  and  averaged  243,834  metric  tons. 

A  notable  change  in  recent  years  has  been  a  reduction  in  the  rockfish 
catch.  In  the  peak  years  of  1964  and  1965  the  Russians  and  Japanese 
harvested  240,739  and  375,027  metric  tons  of  rockfish,  mostly  Pacific 
ocean  perch,  from  the  Gulf  of  Alaska.  Catches  of  rockfish  from  1967- 
1973,  by  the  USSR  and  Japan,  ranged  from  50,029  to  120,194  and  averaged 
only  80,132  metric  tons  per  year,  reflecting  the  earlier  heavy 
exploitation  of  this  resource. 

The  many  fishes  and  invertebrates  which  inhabit  the  proposed  lease 
area  and  adjacent  waters  are  renewable  resources.  As  such,  they  are 
capable  of  providing  large  yields  of  food,  sources  of  emp) oyment , 
and  recreation  to  perpetuity  if  protected  from  environmental  degradations 
and  if  managed  properly.  Opportunities  for  effective  management  of 
the  fisheries  would  be  vastly  increased  if  the  U.S.  had  jurisdiction 
over  the  resources  and  could  control  the  fishing  activities  of  foreign 
as  well  as  domestic  fishermen.  This  control  appears  to  be  soon 
forthcoming  and  will  likely  include  all  waters  within  200  miles  of  the 
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U.S.  const  with  additional  seaward  controls  for  ths  far-ranging  salmons 
An  important  by-product  of  extended  fisheries  jurisdiction  will  be 
improved  access  to  the  resources  by  U.S.  fishermen.  Consequently, 
the  already  large  value  of  the  fisheries  resources  to  the  U.S.  will 
soon  be  vastly  increased  when  extended  jurisdiction  occurs. 

Migrations  within  or  through  the  proposed  lease  area  are  poorly 
understood  for  most  fish  species.  King  and  silver  salmon  feed  during  tl 
late  spring  and  summer  months  in  the  offshore  waters  from  the  Fairweathi 
grounds  to  Middleton  Xsland.  During  the  summer  months  most  species 
of  salmon  migrate  through  the  proposed  lease  area  returning  to  their 
spawning  streams.  Although  groundfish  and  invertebrate  migrations  are 
not  well  documented  for  the  lease  area,  general  knowledge  is  available. 
Most  groundfish  species  move  to  deeper  water  during  winter  months  and 
back  to  shallower  water  in  summer.  Both  Snow  and  king  crab  spend  the 
summer  in  deeper  water  and  migrate  to  shallow  water  during  the  winter 
to  spawn. 

Tagging  studies  have  shown  that  sablefish  migrate  extensively  throughout 
the  North  Pacific,  including  between  Asia  and  North  America.  We  do 
not  know  the  exact  time  or  routes  of  these  migrations,  but  it  is 
noteworthy  that  a  juvenile  sablefish  which  was  tagged  and  released  in 
Puget  Sound  was  subsequently  recovered  near  Middleton  Island. 

Oil  exploration  will  undoubtedly  cause  conflicts  with  existing  and 
potential  fisheries  in  the  lease  area.  Establishment  of  drilling 
platforms  and  their  anchoring  systems  will  physically  take  up  space 
and  interfere  to  some  extent  with  most  fisheries.  Establishment  of 
drilling  platforms  will  increase  the  vessel  traffic  in  the  lease 
area,  thereby  increasing  navigation  and  fishing  hazards.  If  pipelines 
are  used  to  move  oil  to  storage  or  loading  facilities,  they  will 
compete  for  physical  space  and  can  restrict  some  forms  of  commercial 
fishing  unless  they  are  buried  beneath  the  sea  floor. 

Drilling  platforms  and  pipelines  may  cause  considerable  loss  and  damage 
to  fishing  gear  if  located  in  high  fish  density  areas.  Otter  trawls 
which  are  towed  on  or  near  the  sea  floor  by  fishing  vessels  would  be 
par ticularly  susceptible  to  damage  as  would  longlines  which  are  often 
laid  out  over  several  miles  on  the  sea  floor.  Knowledge  of  the  types 
and  locations  of  drilling  platforms  and  pipelines  to  be  used  would 
be  required  before  more  definitive  statements  could  be  made  about 
their  potential  impact  on  the  fisheries.  Increased  human  useage  of 
the  area  will  undoubtedly  increase  pollution  unless  the  operations 
are  closely  monitored. 

Major  disasters,  such  as  oil  spills,  pipeline  breaks,  etc.,  could  be 
extremely  detrimental  to  the  fishery  resources.  Sedentary  animal 
populations  could  sustain  large  mortalities;  however,  mobile  animals 
would  be  less  susceptible  to  harm  if  they  are  able  to  move  to 
uncontaminated  waters. 
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Because  of  the  westward  water  flow,  Alaska  Current,  along  the  shelf 
edge  at  the  head  of  the  Gulf  of  Alaska,  oil  spills  which  occur  also 
threaten  the  animal  populations  located  westward  and  shoreward  of  a 
disaster  site. 


Marine  Mammal  Resources 


The  marine  mammals  known  to.  live  in  the  Gulf  of  Alaska  at  least  a 
portion  of  each  year  are  listed  in  the  accompanying  Table  4,  and 
estimates  of  the  numbers  of  animals  are  given  for  each  species,  if 
possible.  Source  of  data  is  also  listed. 

Harbor  seals  and  northern  sea  lions  are  found  primarily  in  shallow 
coastal  waters  although  sea  lions  may  occasionally  be  found  on  the 
offshore  fishing  banks.  These  two  species  are  present  throughout  the 
year. 

Northern  fur  seals  are  probably  found  in  the  offshore  areas  of  the 
Gulf  in  small  numbers  during  most  months  of  the  year  with  population 
peaks  occurring  in  November-December  and  in  Apri  1-May- June,  when 
they  are  migrating  southward  in  winter  and  northward  in  spring.  As 
many  as  half  the  Pribilof  population  may  be  in  the  Gulf  during 
spring  migration. 

Certainly  at  least  75*  of  the  gray  whale  population  passes  through 
the  Gulf  twice  each  y**r  during  migration  to  and  from  the  Chukchi  Sea 
summer  grounds  and  the  Baja  California  calving  lagoons.  During  at 
least  part  of  their  migration  they  are  found  in  coastal  waters. 

The  sei,  fin,  blue,  humpback,  and  sperm  whales  generally  move  in  and 
out  of  ^the  offshore  areas  seasonally  as  do  some  of  the  other  whales, 
porpoises,  and  dolphins.  The  humpback  enters  coastal  waters  more 
frequently  than  the  other  species. 

The  right  whale,  harbor  porpoise,  and  Dali  porpoise  may  be  resident 
year  round,  as  is  the  sea  otter.  The  harbor  porpoise  and  sea  otter 
inhabit  coastal  waters.  The  right  whale  and  Dali  porpoise  may  enter 
coastal  waters  infrequently. 

Effect  of  seepaoe  and  spills  in  the  Gulf  of  Alaska 

Harbor  seals  and  sea  lions  will  probably  be  most  vulnerable  to  direct 
oil  pollution  during  birth  of  pups  and  for  the  first  few  weeks  of  the 
pups  lives  on  the  rookery  areas. 

Fur  seals  may  occasionally  encounter  oil  spills  during  migration. 

The  dense  underfur  of  the  seal  acts  as  insulation  and  matting  of  this 
fur  by  oil  products  may  break  the  insulating  barrier  and  cause  death 
from  exposure.  Major  spills  along  the  continental  shelf  in  the  Gulf, 
particularly  in  the  spring,  could  result  in  the  death  of  substantial 
numbers  of  fur  seals. 
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The  effect  of  oil  on  cetaceans  is  unknown.  Kenyon  (1971)  quotes 
W.  Von  Utrecht,  who  states:  "Small  cetacea  are  now  rare  in  the 
southern  North  Sea,  whose  heavy  ship  traffic,  oil  and  gas  exploration 
find  industrial  contamination  might  all  be  contributory  factors  to 
either  avoidance  or  death." 

Sea  otters  are  particularly  susceptable  to  oil  pollution;  once  its 
fur  mats  and  water  reaches  its  skin  (the  animal  has  no  blubber  layer)  , 
the  animal  suffers  heat  loss  and  soon  dies  of  exposure.  Kenyon  (1971) 
reports  the  death  of  two  sea  otters  in  a  holding  pool  after  oil 
accidentally  entered  the  pool  water  supply.  A  leak  or  spill 
contaminating  any  sea  otter  area  would  almost  certainly  result  in  the 
death  of  all  sea  otters  encountering  the  oil. 


Because  of  the  uncertainties  as  to  the  location  and  type  of  drilling 
platforms  and  pipelines,  fate  of  oil  spilled  in  any  particular  area, 
and  biological  reactions  of  most  organisms  when  exposed  to  oil,  we 
are  presently  unable  to  evaluate  the  potential  impact  of  the 
accelerated  program  of  offshore  leasing  on  the  fish,  invertebrate, 
or  mammal  resources. 
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.  Table  2. — Soviet  cat(  statistics  fro*  the  Culf  of  Aly  i*  1967-1973 
in  Metric  tons. 


Year 

Pollock 

Rockfish 

Cod 

Halibut 

Flatfish 

Others 

Sablef ish 

Total 

1967 

66,483 

10,432 

76,937 

1968 

43,186 

14,236 

59,422 

1969 

18,823 

1,191 

20,014 

1970 

7,282 

2,034 

9,336 

1971 

460 

29,700 

176 

403 

30,719 

1972 

20,383 

24,011 

2,696 

302 

1,361 

19,572 

535 

68,864 

1973 

13,813 

4,341 

2,824 

162 

939 

13,678 

109 

39,866 

Source:  U.S.l'.R.  Catch  Statistics 
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Table  3. --Japanese  catch  statistics  for  the  Culf  of  Alaska  1967-1973 
in  metric  tons. 


Year 

Sablef ish 

1967 

1963 

13,866 

1969 

19,. r  a.' 

1970 

21,3‘'7 

1971 

25  ,  63  6 

1972 

34,259 

1973 

29,249 

Source: 

INPFC  Catch 

Cod  Pollock 

‘  199  13,675 

1,765  11,470 

719  13,909 

2,469  7,337 

Statistics 


Pacific 

Ocean 

Perch 

Other 
Rock! ish 

53,709 

54,200 

55,503 

1,672 

44,291 

608 

44,757 

51,284 

1,785 

49,896 

7,392 

Other 


Fish 

Total 

53,709 

68,066 

4,003 

95,640 

4,539 

84,070 

70,393 

7,957 

109,914 

21,112 

117,455 

Table  4. --The  marine  mammals  found  along  the  shores  or  in  the  Gulf  of  Alaska  are: 
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Humpback  Whale  Mr^aptcra  novacangliac  protected,  few,  locally  common 

pop.  cst.  20-^ 


Table  4. --The  marine  mammal*  low.u  along  the  shore*  or  In  the  Gulf  of  Alaska,  continued 
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Uci'i.iu.  Sea  Beaked  Me nnplodon  otejnegevi  several  recovtl.'i,  numbers  unknown 

Wlialn  '  " 

[ion. -it: -braked  Wlialo  /. i  | >1  > i > i n  rn  v  1  ti in  I  r  in  fu-voi'.il  roi'oi'dii,  iiuinlic  rn  unknown 


Table  4. •-The  marine  mammals  found  along  the  shore*  or  in  the  Gulf  of  Alaska,  continued: 


A 

t M 

3 

0 

U 

5 

n 


o 

m 


c 

o 

‘0* 

3 

e 

n 

A 

m 

§ 

••4 

2 

1 

£ 

■3 

<8 


•o  •* 
c  u 

4  c 

u 

s.  •*+ 
** 
El 

O  * 
C  4 

*  2 

u  * 

U  M 

O  O 
V  V 

*2 

»s 

*  a 

o 

> 

U  h 

*  Q 


<  =3 

*!i 

S3 

• 

4 

0 

z  ° 

-3  it 

<  • 

• 

44 

4 

^  o 
•SoS 

•0 

0 

a  h.* 
«2 

t 

■ 

A 

0 

• 

*3 

IM 

N 


O' 

«n 


|  « 
I  1 


w 

c 

o 

S 

4 


O 

& 

u 

2 

V 

Si 

8 

V) 

2 

a 


5  - 

*  o 

*•  1 

h 
Os 

2 

•3 


2 

hi 


*•4  • 

3  8 


f 

4 

O. 

v 

Q 

4 

j: 

■ 

4 

< 

"I 


84 
£  -2 
*  < 
•  v# 

0)  o 

b  a 

2  <3 

*1 


I 


o 

5 

Is 

0 

o 

6 

3 

O' 


O 

Os 


12 


8.5 

cS  o. 
*1 


D-20 


References 


Alveison,  D.L. 

I960.  A  study  of  annual  and  seasonal  bathymetric  catch 

patterns  for  commercially  important  groundfishes  of  the 
Pacific  Northwest  coast  of  North  America.  Bull.  Pacific 
Marine  Fish.  Comm.  4:  66  p. 

Alverson,  D.L.,  A.T.  Pruter,  and  L.L.  Ronholt. 

1964.  A  study  of  demersal  fishes  and  fisheries  of  the 
northeastern  Pacific  Ocean.  H.R.  MacMillan  Lectures 
in  Fisheries,  Univ.  British  Columbia,  Inst.  Fish.  190  p. 

Alverson,  D.L.  and  W.T.  Pereyra 

1969.  Demersal  fish  explorations  in  the  northeastern  Pacific 
Ocean  -  an  evaluation  of  exploratory  fishing  methods  and 
analytical  approaches  to  stock  size  and  yield  forecasts. 
Joum.  Fish.  Res.  Bd.  Canada,  Vol.  26,  No.  8. 

Hitz,  C.R.  and  W.F.  Rathjen. 

1965.  Bottom  trawling  survey  of  the  northeastern  Gulf  of 
Alaska  (summer  and  fall  of  1961  and  spring  of  1962). 

Comm.  Fish.  Rev.  27(9) t  1-15. 

Kenyon,  K.W. 

1971.  The  effect  of  oil  pollution  on  marine  mammals.  Dept, 
of  Inter.  102  Statement  Task  Force  w  of  tbe  Task  Force  on 
Alaska  Oil  Development.  9  p.  processed. 

Low,  L.L. 

1974.  Atlas  of  Japanese  fisheries  in  the  northeast  Pacific, 
January  1970  to  October  1972:  Three-dimensional  graphs 
of  monthly  catch  statistics.  National  Marine  Fisheries 
Service,  Northwest  Fisheries  Center,  Processed  Report  No. 

Ronholt,  L.L. 

1963.  Distribution  and  relative  abundance  of  commercially 
important  pandalid  shrimps  in  the  northeastern  Pacific 
Ocean.  U.S.  Fish  Wildlife  Serv.  SSR-F  449,  28  p. 

Schaefers,  E.A.  and  K.A.  Smith 

1954.  Shellfish  explorations  in  the  Yakutat  Bay  area,  Alaska 
by  the  John  N.  Cobb,  spring  1953.  U.S.  Fish  Wildlife 
Serv.,  Comm.  Fish.  Rev.,  Vol.  16,  No.  3,  p.  1-12. 

Schaefers,  E.A.,  K.A.  Smith,  and  M.R.  Greenwood 

1955.  Bottomfish  and  shellfish  explorations  in  the  Prince 
William  Sound  area,  Alaska  1954.  Comm.  Fish.  Rev. 

17(4):  6-28. 


YAKUT  AT  VICINITY  MAMMALS  AMD  BIRDS 


ORGANISM  GROUP 

(D 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Brown  Bear1 

Beaches 

Grass  Flats 

Mo  precise  estimate,  15  to  20  taken  by 
hunters  annually. 

Black  Bear1 *  2 

Beaches 

Grass  Flats 

No  population  estimate.  Most  significant 
concern  is  the  rare  glacier  color  phase, 
which  may  be  given  endangered  species 
status  in  the  future. 

Coats2 

Wolves  and  . 
Wolverines 

Grass  Flats 

Forest  Edge 

Relatively  few  wolves  and  wolverines  in 

Unit  5.  Denning  near  grass  flats. 

Moose1 

Willow  Flats 

Estimated  population  of  4, COO  to  5,000; 
Annual  kill  30.  Highest  productivity 
of  any  American  moose  herd. 

Blacktall  Deer1 

Beaches 

Forest  Fdge 

Mainly  on  islands,  few  on  mainland;  annual 
kill  about  100.  Poor  Summer  range  on 
Islands . 

Harbor  Seal1 

Beaches 

Mud  Flats 

Very  abundant  in  unit.  Annual  recent 
■  harvest  of  4.0C0  to  6,000.  Currently 
protected  by  Marine  Mammal  Protection  Act. 

Northern  Fur  Seal1 

Migrant  animals. 

Sea  Lion1 

Rocky  Coves 

Beaches 

Present  throughout  unit  -  population  of 
1,000  at  Sitkage  Bluffs  just  off  Yakutat 
Ray  to  the  west. 

Sea  Otter1 

Inshore  Seas 

Caves 

Total  numbers  unknown.  Reintroduced  in 

1966.  Have  been  observed  throughout  Unit  5 
waters.  Population  low  hut  believed  to  be 
increasing. 

2 

Aquatic  Furtearcrs 

Estuaries 

Marshes 

Reaver,  otter,  mink,  muskrat.  Impact  on 
food  plants  and  organisms,  possible  den 
mortality  of  young  in  Spring. 

Whales  and 

Porpoises 

Open  Sea 

Dali  and  harbor  porpoises  in  coast  waters. 
Humpback  and  fan  whales  in  outer  waters. 
Gray  whale  migration  zone. 

Ducks1 

Open  Sea 

Marshes 

Estuaries 

Major  migration  area  -  particularly 
intertidal  and  along  shore.  Untold 
thousands  of  Fall  and  Spring  ducks. 
Overwintering  mallards,  some  divers  and 
sea  ducks. 

Geese1 

Nearshore  Seas 
Beaches 

Mud  Flats 

Estuaries 

Heavy  Fall  and  Spring  migrations,  1,000 
snow  qcese,  10,000  Canada  geese.  Breeding 
population  ct'  Canadas  believed  to  be 
Vancouver  Pace.  Large  overwintering 

population  of  Canada  geese. 


■Mj  ■ 
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YAKUTAT  VICINITY  MAMMALS  AND  BIROS 


ORGANISM  GROUP 
_ 0) 

Swans1 

Seabirds1 

Shorebirds2 

Upland  Game  Birds2 
Raptors2 


HABITATS  OF  CONCERN 

- (2) 

Near  Shore  Seas 
Beaches 
Estuaries 
Mud  Flats 

Hear  Shore  Seas 

Beaches 

Estuaries 

Beaches 
Mud  Flats 


GENERAL  COMMENTS 

- CD _ 

Fall  migrations  of  both  species  3,000 
Small  overwintering  population  believed 
to  be  trumpeters. 


Many  colonies  throughout  area.  Species 
predominantly  qlaucous  winqed  gulls, 
pigeon  guillemot,  black-legged  kittiwake. 


to  nesters  during  Spring. 


SOURCES: 

1.  Alaska 
January  1973. 

2.  A.  W. 


Department  of  Fish  and  Garni,  ALASKA'S  WXLDI.IFE 
Erickson,  personal  communication. 


MW  HABITAT, 


*4 
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CLIMATOLOGICAL  DATA  FOR  YAKUTAT 


■»» 


SOURCE: 


n;^;r?e?artment  of  Commerce  and  Coastal  and  Geodetic  survey, 
PQAcC.IFlC  AND  ARCTIC  COASTS  -  ALASKA,  CAPE  SPENCER  TO  BEAUFORT 

SEA  Seventh  Edition  (October  3,  1974),  U.  S.  Coast  Pilot 
volume  9. 
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Thunderstorms 


mc/i/SAF  SURFACE  WINDS 

AJR  1  t  A  T  fc  »  SEi'VICe/HAC  PERCENTAGE  FREQUENCY  OF  WIND 

DIRECTION  AND  SPEED 
(FROM  HOURLY  OBSERVATIONS) 


SOURCE  :  National  Climatic  Center,  "VXIFC.TM  NUMMARY  OF  SURFACE  WEATHER  OBSERVATIONS 
(SSWO / ",  Revised,  Part  C  -  Surface  Winds. 
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GEOGRAPHICAL  AVALISTS  OF  OIL  SPILL  POTENTIAL  ASSOCIATED  WITH  ALASKAN  OIL  PRODUCTION 
AND  TRANSPORTATION  SISTEHS,  Pacific  Northwest  laboratory.  Division  of  Hemorial  Institute 
to  the  United  States  Coast  Guard,  February  1S74,  Final  Report  No.  CG-D-79-74. 


WI^O  TRANSITION  PROBABII  1TIFS 


3  HOUR  TRANSITION  MATRIX:  WINTER  YAKUTAT,  ALASKA 


CALM 

N  NE  E 

SE  S 

SW 

W 

NW 

CALM 

C.691 

0.03C  C. 112  O.ill 

0.023  0.006 

0.C03 

O.OIi 

0.014 

N 

0.343 

0.043  C.100  0.229 

0.043  0.051 

0.C14 

0.057 

.114 

NE 

0.185 

C.C29  C.327  0.398 

0.031  0.01C 

0.003 

0.009 

0.007 

E 

0.073 

0.0C7  C. 154  0.659 

0.077  0.011 

0.009 

0.006 

0.003 

SE 

0.057 

0.0C7  C.C84  0.324 

0.395  0.C91 

0.020 

0.014 

0.CC7 

S 

0.C41 

0.017  C.CSi  0.198 

0.140  C.38C 

0.091 

0.025 

0.017 

sw 

0.094 

0.047  C • 156  0.109 

0.047  0.172 

0.281 

0.078 

0.016 

w 

0.250 

C.038  C.C77  0.CS8 

0.077  0.038 

0.192 

0.212 

0.058 

NW 

0.439 

0.073  C .073  0.171 

0.049  0.073 

0.000 

0.024 

0.098 

WIND  STATISTICS  ECR  WINTER 

DIRECT ICN  MEAN 

STO  DEV 

CALM 

C.CCCOE+OO 

C.OOCOEKQ 

N 

4.C428EOO 

1 .5347E+C0 

NE 

6.371 1E*00 

3.6488E*00 

E 

e:eesiE»cc 

4.4299E4C0 

SE 

1.1811E«01 

7.1261E+00 

S 

9.281CE+00 

4.0782E*CO 

SW 

9.*93CE»00 

3.7405E*0C 

N 

6.5231E«00 

4.5777E*C0 

NW 

4.  £  6  2  SEaOO 

2.2679E*C0 

SOURCE:  Massachusetts  Institute  of  Technology,  PSll'AM,  FHYSICAL  1ST  ACTS  OF 
OFFSHOPS  PI TRCTEVS  DEVELCXG37S,  report  to  the  council  on  Environ¬ 
mental  Quality,  MITSG  74-20,  April  1974. 


VALDEZ  HARBOR  AND  NARROWS:  INFORMATIONAL  RESOURCES 


•  Valdez  Harbor  and  Valdez  Narrows  Salmonid  Resources 

e  Fish  and  Shellfish  Important  at  Valdez 

•  Fish  and  Shellfish  Important  at  Valdez  Harbor/Narrows 
Determined  from  National  Marine  Fisheries  Service  Data 

o  Flora  and  Fauna  of  Valdez  Harbc  •  and  Narrows 

•  Biological  Resources  of  Valdez  Harbor/ Narrows 

•  Valdez  Vicinity  Mammals  and  Birds 

•  Climatological  Data  for  Prince  William  Sound  Region  (Cordova) 

•  Wind  Speed  at  Jackson  Point  and  Valdez  Airport 

•  Cordova  Surface  Wind  Data 
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VALDEZ  HARBOR  AND  VALDEZ  NARROWS  SALMON ID  RESOURCES 


There  Is  a  large  commercial  salmon  fishery  In  Prince  William  Sound 
with  an  average  total  value  of  over  $2  million  to  the  fisherman.  Pink  sal¬ 
mon  are  the  most  important,  fol'owed  by  sockeye  and  chum  salmon.  The  aver¬ 
age  runs  and  values  (1960-1969)  are  listed  below: 


RUN 

VALUE  TO  FISHERMAN 

CATCH 

PERCENT 

OF  TOTAL 
ALASKA  CATCH 

Kings 

4,000 

$  9,667 

1,642 

2.8 

Sockeye 

254,000 

140,448 

95,420 

6.5 

Coho 

76,000 

36,449 

28,750 

19.6 

Pink 

5,318,000 

1,571,712 

3,545,168 

12.2 

Chum 

796,000 

301,626 

454,591 

8.7 

The  abundance  of  salmon  In  the  immediate  area  of  the  spill  sites  Is 
difficult  to  determine.  The  harbor  environment  is  probably  most  Important 
to  pink  and  chum  salmon  juveniles  using  the  estuarine  conditions  for  early 
feeding  and  growth.  They  could  be  In  the  area  from  May  through  September. 
The  run  and  fishery  timing  for  Prince  William  Sound  is  June  through 
September.  There  are  some  major  spawning  sites  In  Valdez  from  which  could 
be  important  for  both  spill  sites  as  some  of  the  spawning  Is  intertidal. 
Average  abundance  (1962-1970)  are  listed  below: 

NO  SPAWNERS  PERCENT  INTERTIDAL 

Pinks  180,770  77 

Chums  46,500  73 


There  are  both  subsistence  and  sport  catches  of  salmon  In  the  Valdez  area 
but  they  are  of  little  Importance  compared  to  the  commercial  catch. 


NOTE:  Here  are  some  commercial  catch  statistics  for  the  ADF  Statistical 
Area  (221)  that  Includes  Valdez  Harbor,  Narrows  and  vicinity. 
(Average  catch  1965-1971  in  thousands) 


Sockeye 

1.0 

Pink 

840.2 

Chum 

128.7 

Coho 

6.9 

King 

0.09 

(0.3-2. 5) 
(358.7-1,974.8) 
27.3-200.4) 
(1.8-18.0) 
(0.02-0.4) 
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VALDEZ  HARBOR  AND  VALDEZ  NARROWS  SALMONID  RESOURCES  (CONT'D.) 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  State  of  Alaska,  Department  of  Fish  and  Game.  Statistical  Leaflet. 
Published  annually. 

2.  International  North  Pacific  Fisheries  Commission.  Statistical 
Yearbook. 


3.  Rosenberg,  Donald  H.  (editc.j,  A  REVIEW  OF  THE  OCEANOGRAPHY  AND 
RENEWABLE  RESOURCES  OF  THE  NORTHERN  GULF  OF  ALASKA,  Institute  of  Marine 
Science,  University  of  Alaska,  IMS  Report  R72-73,  Sea  Grant  Report  73-3, 
February  1972. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  VALDEZ 


1 


Walleye  Pollock 
Pacific  Cod 
Black  Cod 
Rockfish 
Halibut 
Herring 
Rex  Sole 

Arrowtooth  Flounder 
Tanner  Crab 


The  report  on  the  Valdez  area  covers  salmon  In  detail  and  states  that 
the  five  species  are  the  most  Important  economically,  and  recreational ly, 
of  all  species  of  fish. 

Schaefers,  Smith  &  Greenwood^  reported  a  limited  number  of  tows 
In  Valdez  Arm.  Catches  included  pollock,  Pacific  cod,  black  cod  and  red 
rockfish,  as  well  as  halibut,  rex  sole,  and  turbot  during  March.  A  second 
survey  in  July  added  English  sole,  flathead  sole,  and  Pacific  Ocean  perch 
to  the  list. 

See  Yakatut  for  information  on  most  of  these  species. 

There  should  be  more  information  available  on  herring  and  shellfish 
fisheries  of  the  area.  Landing  statistics  for  Prince  William  Sound  report 
substantial  landings  of  tanner  crab  from  November  through  July. 


HALIBUT 


Relatively  unimportant  commercially  in  the  immediate  vicinity  of 
Valdez.  May  support  some  recreational  fishery  and  part  time  commercial 
effort.  The  offshore  area  around  Cape  St.  Elias  is  more  important  to  the 
commercial  fleet.  The  inclusive  areas  around  Cape  St.  Elias  are  of  in¬ 
creased  importance  to  the  juvenile  halibut  during  the  Summer  and  Fall . ^ 

Eggs  and  larvae  from  spawning  areas  in  the  Gulf  of  Alaska  drift  inshore  and 
settle  in  the  shallows  beginning  in  May. 


ROCKFISH 


The  Valdez  report  states  there  is  some  recreational  fishing  for  rock¬ 
fish  although  little  Information  is  available.  The  yellowtail  rockfish 
(Sebaetes  flavidus).  was  shown  to  have  very  strong  homing  instinct  and  re¬ 
turn  to  the  home  area  after  having  displaced  5  to  7  miles. 4  Rockfish  are 
known  to  be  ovoviparous,  fertilization  is  internal  and  the  larvae  are 
spawned.  Homing  instinct  and  spawning  habits  indicate  that  the  long-term 
effect  might  be  relatively  greater. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  VALDEZ  (CONT'D.) 


SOURCES: 

1.  Best,  E.  A.,  International  Pacific  Halibut  Commission 

2.  Schaefers,  E.  A.,  K.  A.  Smith,  and  M.  R.  Greenwood,  "Bottom  Fish 
and  Shellfish  Explorations  in  the  Prince  William  Sound  Area,  Alaska,  1954," 
COMM.  FISH.  REV.,  17(4): 6-28,  1955. 

3.  Best,  E.  A.,  "Juvenile  Halibut  in  the  Gulf  of  Alaska  Trawl  Surveys, 
1970-1972,"  INTERN.  PACIFIC  HALIBUT  COM.  TECH.  REPT.  12,  63  pp.,  1974. 

4.  Anonymous,  "Rockfish  Show  a  Strong  Homing  Instinct,"  COMM.  FISH. 
REV.,  32(8-9) : 7,  1970. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  VALDEZ  HARBOR/ NARROWS 
DETERMINED  FROM  NATIONAL  MARINE  FISHERIES  SERVICE  DATA 


ABUNDANCE/PRFSENCE 


FISH 


Rockfish  lrace-  more  in  outer  Prince  William  Sound 

Pacific  Halibut  Traces  all  over  Prince  William  Sound 
Other  Flatfish  Traces  in  Eastern  Prince  William  Sound 

Sablefish  Trace 


SHELLFISH 


Tanner  Crab 
King  Crab 
Dungeness  Crab 
Shrimp 
Scallops 


Present 

Present  in  Southern  Prince  William  Sound 
Absent 

Traces  in  Narrows  &  Eastern  Prince  William  Sound 
Trace 


SOURCE:  Maturgo,  Zenaida  A.,  EXPLORATORY  FISHERY  DRAGS  FOR  DEMERSAL  FISH 

ALP  SHELLFISH,  GULF  OF  ALASKA,  Environmental  Conservation  Department, 
Shell  Oil  Company,  Houston  -  information  taken  from  figures,  1972. 
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FLORA  ANO  FAUNA  OF  VALDEZ  HARBOR  AND  NARROWS 


LlCtXD i  *c  *  **ry  (**«•  *  *  «««••  t  *  f**  r  *  nil  •  -  if^»^ 

i*  tMqr  -  •v|a*l«a  I*  rM  k - m  (•  k«  »«»»♦■  i  !  fS« 

•  iiMiilM  l*|i««Uy.  «r  fvtiicly 


SOURCE:  Alyeska  Pipeline  Servia  Co.,  401  BIOLOGICAL  ENVIRONMENT,  Oil  Spill 
Contingency  Plan,  Alyeska  Marine  Terminal,  Vol  1  -  The  Plan,  Vo.  2 
Annexe,  Woodward-Envicon  Inc.,  Environmental  Crnsultants. 
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lIC t V5>:  «(  -  *»ry  jrra'ii  <  •  Ifra/*  f  -  f»*  f  •  urt  •  * 

t(  fill  -  Ii|r‘.in  la  rat  !•  %•  1'.  f  * 

•  (ifKlilir  Bt-BltU*  •(•Iriualty,  uniMcil'.t,  «f  ralUly 
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BIOLOGICAL  RESOURCES  OF  VALDEZ  HARBOR/NARROWS 
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SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 
to  MSNW. 
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ENVIRONMENTAL  DATA  SURVEY,  PART  I  AND  II,  University  of  Alaska,  Institute  of 
Marine  Sciences,  240  pp.,  1969. 
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MARINE  TERMINAL,  VOL.  1:  THE  PLAN,  VOL.  2:  ANNEXES,  prepared  by  Woodward- 
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Invertebrates  of  Olson  Bay,  Prince  William  Sound,  One  Year  After  the  1964 
Earthquake,"  THE  GREAT  ALASKA  EARTHQUAKE  OF  1964  -  BIOLOGY,  National  Academy 
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VALDEZ  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 

(U 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COWENTS 
(3) 

1  2 

Brown  Bear  * 

Grass  Flats 
Estuaries 

Low  population  this  part  of  Game  Unit  6; 

361  killed  1961  to  1971,  high  of  63  in  1968 

Black  Bear1,2 

Grass  Flats 
Estuaries 

Estimated  8  to  10  per  square  mile  in  prime 
habitats.  Rare  glacier  color  phase 
occasionally  encountered.  This  may  one 
day  be  classified  as  rare  ard  endangered. 

Goa  ts2 

Present  in  area  but  not  likely  to  be 
directly  impacted  by  a  spill. 

Wolves  and  , 
Wolverines 

Low  Shore  Areas 

Both  species  sparse  in  area.  Wolf 
population  may  increase  with  enlarged 
moose  population. 

Moose1 

Willow  Flats 

Only  contact  is  at  head  of  Valdez  Bay. 

Harbor  Seal1 

Beaches 

No  firm  population  estimates.  Many  local 
concentration  areas  exceeding  1,000  per 
area.  Formerly  harvested  -  currently 
protected  by  Marine  Mammal  Protection  Act. 
Sensitive  to  spi  1  Is . 

Northern  Fur  Seal"1 

Migrant  animals. 

Sea  Lion1 

Rocky  Coves 

Beaches 

.Many  rookery  areas  in  Sound:  3  in  map  area, 
Perry  Island  50,  The  Needle  200,  and 

Knowles  Head  200.  Adjacent  areas  even 
greater  nurrfcers. 

Sea  Otter1 

Nearshore 

Area 

Present  around  most  outer  Prince  William 
Sound  Islands.  Populations  increasing  and 
expanding  from  former  reduced  state. 
Estimated  Unit  6  population  near  5,000 
animals. 

Aquatic  Furbearers 

Nearshore 

Fresh  and  Salt 
Water  Areas 

Sensitive  to  spills. 

Whales  and  . 
Porpoises 

Open  Seas 

Dal)  and  Haroor  porpoises  common  in  Sound. 
Killer  and  minke  whales  present  in  outer 
waters  of  Sound.  Many  use  Knight  Island 
Passage  and  Montague  Strait  during  July. 

Blacktai  1  Deer1,2 

Beaches 

There  are  700  to  1  ,200  harvested  in  Unit  16 
per  year.  Beach  foraging  an  important 
factor  during  Winter.  Oeer  confined  to 
beach  area  during  entire  Winter. 

Oucks1 

Nearshore  Waters 
Beaches 

Marshes 

Estuaries 

FWS  estimates  1,600  Summer  population  of 
mallards.  Winter  population  several 
times  greater  ami  includes  many  other 
species;  2,800  Summer  Scoter  ducks, 

7,000  merzansers,  etc. 

-  1.2 

Geese 

Beaches 

Marshes 

FWS  estimates  2,500  Summer  population 
of  geese  in  Prince  William  Sound,  mainly 
Dusky  and  Vancouver  forms  (rare). 
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ORGANISM  GROUP 

0) 


HABITATS  OF  CONCERN 

(2) 


GENERAL  COMMENTS 
(3) 


Swans1,  2 


Seabirds1,  2 


Beaches 
Open  Water 
Marshes 
Estuaries 

Rocky  Cl Iffs 
Open  Sea 


2 

Shoreblrds  Beaches 

Mud  Flats 

2 

Upland  Game  Birds 
2 

Raptors 


One- half  of  v«rld  population  of 
trumpeters  thought  to  nest  In  Copper 
River  drainage.  Doubtless  some 
nesting  and  use  In  area  of  Impact. 

FWS  estimates  the  following  Summer  popu¬ 
lations:  gulls  100,000,  klttiwakes 
58,000,  alcids  48,000,  Arctic  terns 
22,000,  cormorants  16,000,  shearwaters 
10,000,  loons  2,500,  grebes  1,000. 
Seabird  colonies  at  Glacier  Island 
and  Shoup  Glacier. 

Possible  Impact  on  food  organisms. 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  AIASKA'S  'JIWLTFE  AND  HAPITAT, 
January  1973. 

2.  A.  W.  Erickson,  personal  communication. 

3.  Fay,  .la~>s  A. ,  WE  SPHEAD  OF  OTL  FLICKS  ON  A  CAW  SKA,  department  of 
Mechanical  Engineering,  Massachusetts  Institute  of  Technology,  Tluid  Mechanics 
Laboratory,  Publication  No.  69-6,  August  1969. 
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CLIMATOLOGICAL  DATA  FOR  PRINCE  WILLIAM 
SOUND  REGION  (CORDOVA) 
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WIXD  SPEED  AT  JACKSON  FOINT  AM)  VALDEZ  AIRPORT 


Z  Freq.  Wind 
Speed  above 
Indicated 

Value 

Jackson  Point 

Wind  Spead 

MPH  ttl 

Probable 

Direction 

Of  Wind  (1) 

Valdex  Airport 
Wind  Speed 

MPH  (2) 

Probable 

Direction 

Of  Wind  (2) 

1 

32 

Z  or  ZSZ 

26 

NE  or  EKE 

5 

20 

I 

17 

E  or  EXE 

10 

12 

I 

11 

E  or  EXE 

23 

4 

Variable 

5 

Variable 

50 

3 

Variable 

3 

Variable 

80 

calm 

calm 

(1)  Percentage  frequency  of  wind  speed  and  direction  at  Jackson  Point, 
2/71-11/71  and  3/72-7/72,  24  hourly  observations  per  day,  HRI  charts 
processed  by  University  of  Alaska,  Geo.  Inst. 

(2)  U.  S.  Department  of  Coweerce,  ESSA,  1968  Hind  Directions  versus  Wind 
Speed  Tabulation,  Valdez  Airport,  Alaska,  Bam  -  4  pm,  1963-67. 


SOURCE:  Alyeska  Pipeline  Service  Co..  40X  MSTSOKLOGT,  Oil  Spill  Contingency 
Plan,  Alyeska  Narine  Terminal,  Vol.  I  -The  Plan,  Vol.  2  -  Annexes, 
Woodward-Envlcon  Inc.,  Environmental  Consultants. 
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fcTAC/usAP  SURFACE  WINDS 

AIR  WEATHgR  SERVlCe/HAC  PERCENTAGE  FREQUENCY  OF  WIND 

DIRECTION  AND  SPEED 
(FROM  HOURLY  ODSCRVATIONS) 


*»B -i.  - 


1 


D-70 


SOURCE:  National  Climatic  Center,  SSHO  (PA.1T  C  -  SURFACE  WIRDS) . 


DRIFT  RIVER:  INFORMATIONAL  RESOURCES 


Drift  River  Salmonid  Resources 

Fish  and  Shellfish  Important  In  Cook  Inlet 

Fish  and  Shellfish  Important  at  Cook  Inlet  Determined  From 
National  Marine  Fisheries  Service 

Biological  Resources  of  Drift  River 

Drift  River  Vicinity  Mammals  and  Birds 
Climatological  Data  -  Cook  Inlet 
Cook  Inlet  -  Surface  Winds 
Climatological  Summary  -  Anchorage 
Surface  Winds  -  Anchorage 
Surface  Winds  -  Kenai 
Surface  Winds  -  Soldotna 
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DRIFT  RIVER  SALMONID  RESOURCES 


,p#  Cia1  C*tfhe^  1n  the  statistical  area  includinq  the  spill  site 

similf^9hi.t^iP?itJit°1P*rt  5raham  and  K!mishak  Bfly-  The  timing  would  be 
Graham  an^ief  i0r  ?ne  week^'  Comments  for  juveniles  at  Port 

flQ«  io?nKr  iuk  **u!d  also  be  true  here.  The  mean  catches 
(1965-1971)  for  the  Drift  River  area  are  given  below: 


CATCH  IN 
THOUSANDS 


Sockeye 

245.8 

Pink 

57.8 

(even  year) 

123.8 

Chum 

144.1 

Coho 

46.5 

King 

3.8 

RANGE 


120.1 

2.4 

78.3 
75.8 

28.3 
.3 


479.8 

192.8 
192.8 
254.2 

77.1 

7.1 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

voarhlni,  ?J2ter”f* tional  North  Pacific  Fisheries  Commission.  Statistical 
Yearbook  (for  the  years  stated). 

2.  Alaska  University,  CCOK  INLET  ENVIRONMENT.  A  BACKGROUND  study  rv 
AVAILABLE  KNOWLEDGE ,  National  Technical  Information  Service"™  s 
Department  of  Commerce,  C0K-73-10337,  August  1972.  ' 
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FISH  AND  SHELLFISH  IMPORTANT  IN  COOK  INLET1 


Hal ibut 
Flathead  Sole 
Yellowfin  Sole 
Pock  Sole 
Sand  Sole 
Starry  Flounder 
Butter  Sole 
Herring 
Cottids 
Osmerids 
King  Crab 
Tanner  Crab 
Dungeness  Crab 
Shrimp 
Razor  Clams 


Trawl  catches  include  halibut,  turbot,  flathead  sole,  yellowfin  sole, 
rock  sole,  sand  sole,  starry  flounder,  butter  sole, with  other  species  which 
included  cottids,  tom  cod,  greenling  and  herring,  also  king  crab,  tanner 
crab  and  Dungeness  crab. 

Alaska  landing  statistics  report  over  4-million  pounds  of  king  crab. 
Season  starts  in  August  with  largest  landings  and  continues  through  March. 

Dungeness  crab  landing  vary  from  year  to  year,  landinqs  reported  from 
June  through  October. 

Tanner  crab  about  2-million  pounds  taken  from  November  through  July. 

Shrimp  landinq  over  5-million  pounds.  Landing  nearly  equal  every 
month  except  March,  April  and  May. 

Razor  clam  spawn  from  late  July  through  August  near  Homer  in  Cook 
Inlet  waters  of  13.9°C.  They  set  in  about  eight  weeks.  McMullen^  found 
young  clams  of  30-40  mm  in  April  1965  and  thought  they  were  from  1964  year 
class.  Increasing  sport  fishery;  little  commercial  fishery. 


HALIBUT 


Commercial  halibut  fishinq  is  of  relatively  minor  importance  in  Cook 
Inlet  but  is  increasinq  with  the  small  boat  fleet  in  the  area.  This  area 
is  the  most  important  fishing  area  of  the  selected  spill  sites.  The 
offshore  waters  in  the  Gulf  of  Alaska  are  in  the  center  of  the  high  pro¬ 
ducing  areas.  Juvenile  halibut  utilize  the  shallow  areas  of  lower  Cook  Inlet 
as  a  nursery  area. 
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FISH  AND  SHELLFISH  IMPORTANT  IN  COOK  INLET  (CONT'D.) 


HERRING 

Karhoi!?^1'95  I*500  t0"s  of  herr1n9  for  roe  were  reported  from 

Kachemak  Bay  and  Resurection  Bay  in  1970. 4 

OSMERIDS 

^itCapel1[',^Zn^  villoeue)  larvae  have  been  collected  durinq  Mav 

are  DaP2b  f  9^ave1  Caches  for  spawning.  Adhesive^ggs  ‘ 

are  spawned  at  the  water's  edge  at  high  tide.  y 

SANDLANCE 


Larvae  collected  during  May. 
SAND  SOLE 


sr^.»ry throu5h  Marc1’- 

9  percent  on’le^r^nvISJefeMT'-'"9-  24  »  »«'"•  "*•».  •- 


SOURCES: 

®®st»  £.,  Personal  Communication;  International  Pacific 

Halibut  Cotmission,  Tech.  Report  12:63  p.,  and  International  Pacific 
Halibut  Conmission,  Tech.  Report  11:32  p. 

a  f  W?f°U5hVF-  W*’  McMillin,  and  H.  B.  Holmes,  "Growth  and 

?iv.  .l  iifiSsri!6"afij5" am- siu ^ »■  *•  »-• 

e.,.  3‘  pollen,  J.  C.,  "Some  Aspects  of  the  Life  History  of  Razor  Clams, 

fwlZ  SS£  #,aska/'  AUSKA  DEPT-  °F  FIS«  Am 

Fishery/"’  ’’  Gro"in9  SPeCiaU*  ^ 

.5;  Heckman,  C.  P.,  Jr.,  "The  Larval  Development  of  the  Sand  Sole 

lar^8tictus^"  hash.  dept.  fish.  fish.  res.  papers, 

C.\C)  •  JO"*f  /  |  J5  • 

<-nlo  ,n6;a  ”iJ1er:  Ba  s;i  "Stomach  Contents  of  Adult  Starry  Flounder  and  Sand 
Sole  in  East  Sound,  Washington,"  J.  FISH.  RES.  BD.  CANADA,  24(12) : 2515-2526, 
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FISH  AND  SHELLFISH  IMPORTANT  AT  COOK  INLET 
DETERMINED  FROM  NATIONAL  MARINE  FISHERIES  SERVICE  DATA 


ABUNDANCE/PRESENCE 


FISH 


Rockfish 
Pacific  Halibut 
Other  Flatfish 
Sablefish 


Trace  -  lower  Inlet 

Traces  -  off  Kachemak  and  Kamishak  Bays 
Traces  -  off  Kachemak  and  Kamishak  Bays 
Traces  -  in  mouth  of  Inlet 


SHELLFISH 


Tanner  Crab 
King  Crab 
Dungeness  Crab 
Shrimp 
Scallops 


Present  -  lower  Inlet 
Present  -  lower  Inlet 
Absent 

Traces  -  in  Kachemak  and  Kamishak  Bays 
Traces  -  in  mouth  of  Inlet 


SOURCE:  Maturgo,  Zenaida  A.,  EXPLORATORY  FISHERY  DRAGS  FOR  DEMERSAL 

FISH  ADD  SHELLFISH,  gvlf  of  ALASKA,  Environmental  Conservation 
Department,  Shell  Oil  Company,  Houston  -  information  taken  from 
figures,  1972. 
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BIOLOGICAL  RESOURCES  OF  DRIFT  RIVER 


BIOLOGICAL  RESOURCES  OF  DRIFT  RIVER  (CONT’D.j 
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BIOLOGICAL  RESOURCES  OF  DRIFT  RIVER  (CONT'D.) 


SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 
to  MSNW . 

1.  Alaska  University,  COOK  INLET  ENVIRONMENT,  A  BACKGROUND  STUDY  OF 
available  knowledge.  National  Technical  Information  Service,  U.  S.  Department 
of  Commerce,  COM-73- 10337 ,  August  1972. 

2a.  Rosenberg,  D.  H.,  D.  C.  Burrell,  K.  V.  Natarajan,  and  D.  W.  Hood, 
OCEANOGRAPHY  OF  COOK  INLET  WITH  SPECIAL  REFERENCE  TO  THE  EFFLUENT  FROM  THE 
COLLIER  CARBON  AND  CHEMICAL  PLANT,  Univ.  of  Alaska,  Institute  of  Marine  Sciences 
Report  IMS-67-3,  80  p.,  1969. 

2b.  Rosenberg,  D.  H.,  K.  V.  Natarajan,  and  D.  W.  Hood,  SUMMARY  REPORT 
ON  COLLIER  CARBON  AND  CHEMICAL  CORPORATION  STUDIES  IN  COOK  INLET,  ALASKA, 

PARTS  I  AND  II,  NOVEMBER  1968  -  SEPTEMBER,  1969,  Univ.  of  Alaska,  Institute 
of  Marine  Sciences  Report  IMS  69-13,  1969. 

3.  Hood,  D.  W.,  K.  V.  Natarajan,  D.  H.  Rosenberg,  and  D.  D.  Waller, 
SUMMARY  REPORT  ON  COLLIER  CARBON  AND  CHEMICAL  CORPORATION  STUDIES  IN  COOK 
INLET,  ALASKA,  Univ.  of  Alaska,  Institute  of  Marine  Sciences  Report,  16  pp., 

1968. 

4.  Murphy,  R.  S.,  S.  F.  Carlson,  D.  Nyquist,  and  R.  Britch,  EFFECT 
OF  WASTE  DISCHARGE  ON  A  SILT-LADEN  ESTUARY.  A  CASE  STUDY  OF  COOK  INLET, 

ALASKA,  Univ.  of  Alaska,  Institute  of  Water  Resources  Report  IWR  26,  1972. 

5.  Kinney,  P.  J.,  J.  Groves,  and  D.  K.  Button,  COOK  INLET  ENVIRON¬ 
MENTAL  DATA.  R/V  ACONA  CRUISE  065  -  MAY  21-28,  1968 ,  Univ.  Of  Alaska, 

Institute  of  Marine  Sciences  Report  R-70-2,  1970. 
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DRIFT  RIVER  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 
(1) 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COHtENTS 
(3) 

1  2 

Brown  Bear  • 

Beaches 

Grass  Flats 
Estuaries 

Spills  spreading  to  land  would  Impact 
grass  flats  and  fishes  Important  as  food. 
Garbage  from  extended  cleanup  would 
attract  bears  and  result  In  conflicts. 

Black  Bear1,2 

Beaches 

Grass  Flats 
Estuaries 

Spills  spreading  to  land  would  Impact 
grass  flats  and  fishes  Important  as  food. 
Garbage  from  extended  cleanup  would  attract 
bears  and  result  in  conflicts.  Both 
species  of  bears  In  dens  overwinter. 

Moose1,2 

Willow  Flats 

Winter  concentrations  on  willow  flats. 

Caribou1,2 

Muskeg 

Introduced  to  kenal  in  1965.  Herd 
enlarging.  Important  wintering  and 
calving  area  abutting  Cook  Inlet  between 

Kenai  and  Salamatof.  Principal 
potential  impact  would  be  shore-based 
cleanup. 

Wolves  and  ,  - 
Wolverines  ,c 

Low  Shore  Areas 

Often  high  wolf  population  in  Unit  16, 
which  are  actively  hunted.  Main  influence 
on  these  species  Is  impact  on  food 
animals. 

2 

Aquatic  Furbearers 

Beaches 

Low  Flats 

Estuaries 

.Species:  river  otter,  mink,  muskrat, 
beaver.  All  species  subject  to  habitat 
loss  and  potential  loss  of  young  particu¬ 
larly  during  Spring  denning  period. 

Other  Terrestrial 
Mammals^ 

Marsh  Edges 

Potential  habitat  losses,  population 
losses  and  Indirect  Impact  on  predators. 

Harbor  Seal1 

Near  Shore  Areas 

Most  expected  to  avoid  spills.  Spring 
young  volunerable  on  beaches.  Toxic 
spills  most  damaging.  Heavy  concentrations 
in  Nuka  Bay  and  Passage,  Port  Dick.  No 
estimate  aval lable. 

2 

Northern  Fur  Seal 

Transient  animals  only. 

Sea  Otter1,2 

Rocky  Beaches 

Coves 

Recolonizing  from  former  extirpation.  High 
conce  trations  Port  Dick,  Chugach  Bay  and 

Port  Chatham.  Relatively  few  on  west  side 
of  Cook  Inlet  within  Game  Unit  16.  Formerly 
classed  as  endangered.  Estimated  600  in 

Unit  16. 

Sea  Lion1 

Rocky  Beaches 

Coves 

former  population  much  reduced.  Present 
mainly  on  east  side.  Local  oopulation  highs 
just  off  map. 

Beluga  Whale1 

Cook  Inlet 

An  estimated  100  to  300  beluga  whales 
frequent  Cook  Inlet. 

DRIFT  RIVER  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 
(1) 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Ducks1 

Inshore  Areas 
Marshes 

Estuaries 

Offshore  and 

Inshore  Potholes 

Commercial  guiding.  Possible  long-term 
habitat  damage.  FWS  estimates  12 
breeding  ducks  per  square  mile  Unit  15 
(Kenai),  all  year  use.  FWS  estimates 

32  breeding  ducks  per  square  mile  Unit  16 
(opposite).  Heavy  migration  area.  Little 
overwintering  Cook  Inlet. 

Geese1 

Estuaries 

Marshes 

Tide  Flats 

Comments  as  per  ducks.  Additional 
possibility  of  nest  disturbance  due  to 
the  sensitivity  of  geese  while  nesting. 

Swans1 

Estuaries 

Marshes 

Tide  Flats 

Breeding  trumpeter  swans  relatively 
aaundant  (Unit  15) . 

Few  breeding  trumpeter  swans,  some 
whistling  swans  (Unit  16). 

2 

Sandhill  Cranes 

Tide  Flats 

Formerly  classed  as  endangered,  now 
lightly  hunted. 

Seabi rds1 

Beaches 

Tide  Flats 

Colony  of  glaucous  gulls  on  Kalgin 

Island,  other  unplotted  seabird 
colonies  in  Unit  16.  Seabird  colonies 
of  mixed  species  on  Cliisik  Island  and 
at  Tuxedni  Bay  and  Duck  Island. 

Shorebirds1  *2 

Beaches 

Tide  Flats 

Increasing  ponulation  of  sandhill  crane 
which  was  formerly  classified  as  endangered. 
Presently  on  increase. 

2 

Upland  Game  Birds 


2 

Raptors 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  AMS A/i'.s’  Wil.vLTEE  A'.'D  HABITAT, 
January  1973. 

2.  A.  U.  Erickson,  personal  communication . 
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CLIMATOLOGICAL  DATA  -  COOK  INLET 
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COOK  INLET  -  SURFACE  WINDS 
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SOURCE:  Swift,  W.  H. ,  R.  E.  Brown,  L.  V.  Kinnel,  M.  M.  Orgel ,  P.  L.  Petersen,  W.  W.  Waddell, 

GEOGRAPHICAL  ANALYSIS  OF  OIL  SPILL  POTENTIAL  ASSOCIATED  WITH  ALASKAN  OIL  PRODUCTION  AND' 
TRANSPORTATION  SYSTEMS,  Pacific  Northwest  Laboratory,  Division  of  Memorial  Institute  to  the 
United  States  Coast  Guard,  February  1974,  Final  Report  No.  CG-D-79-74. 


CLIMATOLOGICAL  SUMMARY 


ANCHORAGE.  ALASKA  Qntemrtional  Airport)  IlMO’N  .  UVJS '"A  ;  Elevstion  (ground)  90  feet  WB-194I 
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PACIFIC  AND  ARCTIC  COASTS  -  ALASKA,  CAFE  SPENCER  TO  BEAUFORT  SEA, 

Seventh  Edition  (October  3,  1974),  U.  S.  Coast  Pilot  Volume  9. 
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PERCENTAGE  FREQUENCY  OF  WIND 
DIRECTION  AND  SPEED 
(FROM  HOURLY  OBSERVATIONS) 


SOURCE:  National  Climatic  Center,  SSUO  CP.WT  C). 
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PERIOD  SUMMARY  BY  VELOCITY  GROUl ' 
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SOURCE:  National  Climatic  Center. 


PORT  GRAHAM:  INFORMATIONAL  RESOURCES 


•  Port  Graham  Salmonid  Resource 

•  Reference  to  Comments  in  Drift  River  Section 

•  Biological  Resources  of  Port  Graham 

•  Port  Graham  Vicinity  Mammals  and  Birds 

•  Surface  Winds  -  Homer 
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PORT  GRAHAM  SALMON  ID  RESOURCES 


Catch  statistics  are  available  for  the  Port  Graham-Kachemak  Bay 
area.  Pink  salmon  are  the  most  abundant  salmon  with  even-year  runs  being 
at  least  double  the  odd  year  runs.  The  catches  for  1965-1971  are  listed 
below: 


Sockeye 

15,900 

(11,200  - 

26,300) 

Pink 

123,700 

(60,500  - 

217,900) 

Chum 

34,000 

(  2,500  - 

117,300) 

Coho 

2,800 

(  500  - 

4,700) 

King 

75 

(  10  - 

175) 

There  are  major  pink  salmon  spawning  sites  in  the  Port  Graham-Seldovia  area. 
The  escapements  to  these  streams  has  been  approximately  double  the  catch, 
so  abundant  estimates  can  be  calculated  by  multiplying  the  catch  by  three 
(for  pinks).  The  run  timing  is  the  same  as  for  Kamishak  Bay.  The  pink 
salmon  fishery  occurs  from  June  1  through  mid-August.  The  presence  of  pink 
salmon  in  the  bays  during  the  Summer  could  be  critical.  There  is  extensive 
sport  fishing  in  the  area  for  both  salmon  and  trout.  The  Anchor  River  is 
important  for  king  salmon,  steelhead,  and  Dolly  Varden  sport  fishing. 

The  Dolly  Varden  evidently  move  out  of  the  rivers  before  the  ice 
melts  in  the  Spring,  and  it  is  not  known  if  they  stay  in  the  vicinity  of 
Cook  Inlet.  There  is  a  saltwater  sport  fishery  on  Dolly  Varden  and  real 
census  taken  during  July-August  indicates  they  are  present  then,  in  fair 
numbers,  along  the  shorelines. 


SOURCES:  Compiled  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  International  North  Pacific  Fisheries  Commission.  Statistical 
Yearbook  (for  the  years  stated). 

2.  Alaska  University,  COOK  INLET  ENVIRONMENT,  A  BACKGROUND  STUDY 
OF  AVAILABLE  KNOWLEDGE,,  National  Technical  Information  Service,  U.  S. 
Department  of  Commerce,  COM-73-1 0337 ,  August  1972. 
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SEE  DRIFT  RIVER  SECTION  FOR  GENERAL  COOK  INLET 
COMMENTS  ABOUT  ADDITIONAL  FISH  AND  SHELLFISH. 
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BIOLOGICAL  RESOURCES  OF  PORT  GRAHAM 
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BIOLOGICAL  RESOURCES  OF  PORT  GRAHAM  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  PORT  GRAHAM  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  PORT  GRAHAM  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  PORT  GRAHAM  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  PORT  GRAHAM  (CONT'D.) 


SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 
to  MSNW . 

1.  Alaska  University,  COOK  INLET  ENVIRONMENT,  A  BACKGROUND  STUDY  OF 
AVAILABLE  KNOWLEDGE,  National  Technical  Information  Service,  U.  S.  Department 
of  Cormierce,  C0M-73-10337,  August  1972. 

2.  Knull ,  J.  R.  and  R.  Williamson,  OCEANOGRAPHIC  SURVEY  OF  KACHEMAK 
3AY,  ALASKA,  Three  Reports  for  April,  July  and  October,  1969,  U.S.D.I.  Bur. 
Comm.  Fish.  Manuscript  File  Reports  No.  MR-F  60,  70,  and  76,  1969. 

3.  Flagg,  L.  B.,  1971  COOK  INLET  ANNUAL  REPORT,  SHELLFISH  SECTION, 

Alaska  Dept.  Fish  and  Game,  Cotnnercial  Fisheries  Division,  1972. 

4.  Powell,  G.  C.,  and  R.  E.  Reynolds,  "Movements  of  Tagged  King  Crab 

(Pj.ialithod.es  oamtscatiea  tilesius)  in  the  Kodiak  Island,  Lower  Cook  Inlet 
Region  Of  Alaska,  1954-1963,"  ALASKA  DEPT.  OF  FISH  AND  GAME,  INFORM.  LEAFL.  55, 
1965. 


5.  National  Marine  Fisheries  Service,  tanner  CRAB:  JOINT  PLAN  FOR 
THE  FISHERY,  NMFS,  86  pp.,  1971. 

6.  Barr,  L.,  and  R.  McBride,  SURFACE -TO-BOTTOM  POT  FISHING  FOR  PANDA  LID 

SHRIMP,  U.  S.  Fish  and  Wildlife  Service,  Spec.  Sci.  Rept.  Fisheries  No.  560, 
1967. 
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PORT  GRAHAM  AND  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 
(1) 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Brown  Bear' 

Streams 

Grass  Flats 

Very  few  bears  in  this  unit  and  none 
near  the  spill  site. 

Black  Bear' 

Streams 

Grass  Flats 

High  densites,  many  local  concentrations, 
cleanup  impact  may  experience  numerous 
difficulties. 

Sheep2 

Mountain  goats  not  expected  to  be  impacted. 
Possible  occurrence  of  the  animals  in  beach 
areas  durinn  periods  of  major  snow  buildup.' 

Wolves  and  , 
Wolverines 

Willow  Flats 

Beaches 

Estimated  20  to  50  wolves  in  all  of  Unit 

15  and  increasing.  Wolverine  population  low 
major  impact  is  possible  food  loss,  fur 
animal  (commercial). 

Moose' 

Willow  Flats 

Moose  range  does  not  extend  to  likely 
impact  areas  except  at  Kachemak  Bay. 
Remainder  of  unit  considered  best  moose 
range  in  the  world  with  density  of  15 
oer  square  mile.  Total  population  is 

15,000  to  17,000. 

2 

Aquatic  Furbearers 

Beaches 

Estuaries 

Marshes 

Species:  River  otter,  beaver,  muskrats, 
mink.  Main  impact  losses  of  food.  Possible 
mortality  of  young  during  spring  denning. 

Small  Hamnals' 

Marshes  and 

Willow  Flats 

Main  impact  expected  on  the  species  habitat. 

Harbor  Seal' 

Inshore  Areas 
Beaches 

No  population  estimate.  High  local 
concentrations,  particularly  in  Nuka  Bay, 
Nuka  Passage  and  Port  Dick. 

2 

Northern  Fur  Seal 

Inshore  Areas 
Beaches 

Transient  animals  only. 

Sea  Lion' 

Rocky  Caves 

Rivers 

Beaches 

Population  as  follows:  Flat  Island  -  300, 
Cape  Elizabeth  -  30,  Nagahut  Rocks  -  50, 

East  Chugach  Island  -  20,  Gore  Point  -  220. 
Fornerly  harvested  now  protected  by  Marine 
Manual  Protection  Act. 

Sea  Otter 

Nearshore 

Seas 

Formerly  closed  as  endangered.  Recolonizing 
area  and  increasing.  Seldom  found  north 
of  English  Bay.  Could  be  heavily  impacted 
by  oil  spill.  Common  in  Port  Dick,  Port 
Chatam  and  Chugach  Bay. 

Beluga  Whales 

Open  Sea 

Few  in  area,  estimated  100  to  300  in  whole 
of  Cook  Inlet  area . 

Ducks 

Open  Sea 

Mud  Flats 

Estuaries 

Marshes 

USFS  estimate  12  breeding  ducks  per  square 
mile  of  suitable  habitat  area.  Major 
wintering  area  -  particularly  Kachenak  Bay. 
Major  migration  zone.  Commercial  guiding 

possible.  Potential  exists  for  long-term 
habitat  damage. 
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PORT  GRAHAM  AND  VICINITY  MAMMALS  ANO  BIRDS 


ORGANISM  GROUP 
(1) 

HABITATS  OF  CONCERN 
(2) 

GEJJERAL  COMMENTS 
(3) 

Geese2 

Mod  Flats 

Estuaries 

Potholes 

Possible  long  term  habitat  damage. 

Swans' 

Mud  Flats 

Estuaries 

Ponds 

Peninsula  a  major  breeding  area.  Some 
overwinterinq  populations  In  mild  Winters 

Seabirds' 

Near  Seas 

Beaches 

Seabird  colonies  of  mixed  species  as 
follows:  Elizabeth  Island,  Pearl  Island, 
East  Chugach  Island,  Windy  and  P.ocky 

Bays,  Port  Dick  and  Nuka  Point. 

Shorebirds2 

Beaches 

Mud  Flats 

Estuaries 

Possible  impart  on  food  organisms. 

2 

Upland  Game  Birds 

2 

Raptors 

Beaches 

Mud  Flats 

Estuaries 

Possible  Impact  on  foods,  mainly 
spawning  salmon. 

SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA'S  WILDLIFE  AND  HABITAT, 
January  1973. 


2.  A.  W.  Erickson,  personal  communication. 
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SURFACE  WIND  DATA  -  HOMER,  ALASKA 
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KAMISHAK  BAY:  INFORMATIONAL  RESOURCES 


•  Kamishak  Bay  Salmonid  Resources 

•  Reference  to  Comments  in  Drift  River  Section 

•  Biological  Resources  of  Kamishak  Bay 

•  Kamishak  Bay  Vicinity  Manmals  and  Birds 
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KAMISHAK  BAY  SALMONID  RESOURCES 


The  commercial  catches  in  Kamishak  Bay  are  low.  Seven-year  aver¬ 


ages  (1905-1971)  are  given  below: 


Sockeye 

Pink 

Chum 

Coho 


AVERAGE  RANGE 

7,239  (  21  -  38,400) 

52,403  (2,945  -  208,325) 

37,500  (3,175  -  95,900) 

159  (  74  -  300) 


The  total  runs  would  be  something  greater  but  since  there  is  little  informa¬ 
tion  on  fishing  effort,  an  estimate  is  difficult.  A  conservative  estimate 
of  abundance  would  be  twice  the  catch. 

Timing  for  the  runs  would  be  mid  May  to  late  August  for  the  adults  and 
early  May  to  late  August  for  the  juveniles.  Pink  and  chum  salmon  juveniles 
are  of  special  interest  during  the  summer  months  (especially  early  Summer), 
as  they  are  found  in  the  shallow  waters  along  shorelines  when  they  feed 
before  moving  offshore  toward  the  Gulf  of  Alaska. 

Spawning  in  the  area  is  minimal  (although  the  data  is  scant).  There  are 
sizable  chum  salmon  runs  into  the  McNiel  River. 

There  are  some  anadromous  trouts  in  the  Inlet  (Dolly  Varden,  steelheaj), 
but  there  distribution  is  unknown.  There  are  probably  some  in  Kamis.iak  Bay, 
but  there  is  no  data  to  make  an  abundance  estimate. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  International  North  Pacific  Fisheries  Commission.  Statistical 
Yearbook  (for  the  years  stated). 

2.  Alaska  University,  COOK  INLET  ENVIRONMENT,  A  BACKGROUND  STUDY 
F  AVAILABLE  KNOWLEDGE,  National  Technical  Information  Service,  U.  S. 

Department  of  Commerce,  COM -73-10337,  August  1972. 
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SEE  DRIFT  RIVER  SECTION  FOR  GENERAL  COOK  INLET 
COMMENTS  ABOUT  ADDITIONAL  FISH  AND  SHELLFISH 
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BIOLOGICAL  RESOURCES  OF  KAMISHAK  BAY 


Humpy  Shrimp  Low 


BIOLOGICAL  RESOURCES  OF  KAMISHAK  BAY  (CONT'D.) 


SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 
to  MSNW . 

1.  Alaska  University,  COOK  INLET  ENVIRONMENT,  A  BACKGROUND  STUDY  OF 
AVAILABLE  knowledge.  National  Technical  Information  Service,  U.  S.  Department 
of  Conmerce,  CQM-73-10337,  August  1972. 

2.  National  Marine  Fisheries  Service,  TANNER  CRAB:  JOINT  PLAN  FOR 
THE  FISHERY,  NMFS,  86  pp.,  1971. 

3.  Barr,  L  .,  and  R.  McBride,  SURFACE -TO -BOTTOM  POT  FISHING  FOR  PANDALID 

SHRIMP,  U.  S.  Fish  and  Wildlife  Service,  Spec.  Sci.  Rept.  Fisheries  No.  560, 
1967. 

4.  Flagg,  L.  B.,  1971  COOK  INLET  ANNUAL  REPORT,  SHELLFISH  SECTION, 

Alaska  Dept,  of  Fish  and  Game,  Comnercial  Fisheries  Division,  1972. 
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KAMISHAK  BAY  VICINITY 

MAMMALS  AND  BIRDS 

organism  group 
(1) 

HABITATS  OF  CONCERN 
_  (2) 

GENERAL  COMMENTS 
(3) 

Brown  Bear' 

Grass  Flats 
Estuaries 

One  of  State's  best  brown  bear  areas. 
McNeil  Piver  perhaps  world's  most 

Important  area  for  photography  of  bears. 
Local  population  perhaps  (500; 

Unit  2,000  bears. 

Black  Bear1,  2 

Grass  Flats 
Estuaries 

Population  low;  extreme  edge  of  range. 

No  concentrations  In  area. 

Moose1 ’  2 

Willow  Flats 

Low  but  Increasing  population.  Possible 
disturbance  by  shore  cleanup.  Possible 
loss  of  calves  on  willow  flats. 

1  ? 

Caribou  * 

Muskeg 

Extreme  edge  of  range  on  Alaska  Peninsula. 

Wolves  and  . 
Wolverines 

None 

Population  low.  Few  wolves  taken,  x 

36  wolverines  harvested  in  Unit  9  per  year 

Aquatic  Furbearers 

2 

Beaches 

Estuaries 

Land  otter,  mink,  beaver,  muskrats.  All 
possibly  subject  to  oil  spread  to  onshore 
areas. 

Small  Mama  Is 

Low  Vegetative 
Areas 

Some  possible  Impact  If  oil  spreads 
Inshore. 

Sea  Otter1 

Inshore  Areas 

Population  Increasing  from  former 
near  extirpation.  Augustine  Island 
and  Paule  Bay  1,000  and  increasing. 

Harbor  Seal1 

Nearshore  Areas 
Estuaries 

Flats 

Population  size  unknown.  Local 
concentrations . 

Northern  Fur  Seal1 

Transients 

Sea  Lion1 

Rocky  Caves 

Formerly  harvested.  Rookery  on  Augustine 
Island  protected  under  Marine  Mammal 
Protection  Act. 

Beluga  Whale 

Open  Sea 

Ducks1 

Inshore  Sea 

Mud  Flats 

Estuaries 

USFS  Estimate:  32  breeders  per  square 
mile  -  mixed  species  Unit  9.  However, 
this  area  certainly  below  this  abundance. 
Possible  permanent  damage  to  habitat. 
Legislative  protected  area. 

Geese  and  Brant1 

Nearshore  Areas 

Mud  Flats 

Estuaries 

Goose  nesting.  Important  and  heavy  goose 
and  brant  migration  area. 

Swans1 

Nearshore  Areas 

Mud  Flats 

Estuaries 

Trumpeters  breed  In  Tuxednl  Bay.  Survey 
showed  two  whistling  swans  per  square 
mile. 
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KAMISHAK  BAY  VICINITY  MAHULS  ANO  BIROS 


ORGANISM  GROUPS 

(D 


Shoreblrds' 


HABITATS  Of  CONCERN 

(2) 


Mud  Flat* 

Beaches 


Seabirds^ 


Nearshore 

Waters 


Upland  Game  Birds* 

i 

Raptors 


GENERAL  COMMENTS 

_ (3) _ 


Heavy  Fall  •  Spring  Migration. 
Includes  heave  Migration  of  sandhill 
cranes. 

Mixed  colony  on  Glacier  Spit, 
Chlnltna  Bay.  Mixed  colony  on 
Augustine  Island. 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA 's  WILDLIFE  AHD  HABITAT, 
January  1973. 


2.  A.  W.  Erickson,  personal  coenunlcatlon. 
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UNIMAK  PASS:  INFORMATIONAL  RESOURCES 


•  Unimak  Pass  Salminld  Resources 

•  Fish  and  Shellfish  Important  at  Unimak  Pass 

•  Biological  Resources  of  Unimak  Pass 

•  Unimak  Pass  Vicinity  Mammals  and  Birds 

•  Gulf  of  Alaska  -  Surface  Winds 

•  Surface  Winds  -  Driftwood  Bay 
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UNIMAK  PASS  SALMONID  RESOURCES 


Unimak  Pass  is  important  from  two  aspects:  (1)  there  are  local  fisheries 
and  salmon  populations;  (2)  it  is  in  the  migratory  route  of  part  of  the 
Bristol  Bay  salmon  runs.  The  percent  of  the  Bristol  Bay  run  that  passes 
through  Unimak  Pass  is  unknown  but  at  least  in  some  years  it  is  an  important 
route  for  stocks  coming  out  of  the  Gulf  of  Alaska  and  the  Northwest  Pacific 
Ocean.  The  timing  would  be  approximately  June  1  to  August  31,  with  the  peak 
most  likely  around  June  5  to  10. 

The  salmon  catches  of  the  local  fisheries  are  small  but  most  of  the  fishermen 
are  local  inhabitants  (False  Pass)  and  so  the  take  is  important  to  the  local 
economy.  The  catches  for  the  Unimak  area  have,  in  recent  years,  averaged 
approximately: 


Sockeye 

Coho 

Pink 

Chum 


400,000 

20,000 

70,000 

320,000 


The  fisheries  occur  during  June  and  July. 

Tor  abundance  estimates  I  think  you  could  say  the  number  of  Bristol  Bay  fish 
moving  through  the  Pass  would  be  potentially  several  million  in  some  years. 

For  the  local  stocks  a  reasonable  estimate  would  be  twice  the  catch.  In  the 
case  of  chum  salmon  it  would  probably  be  much  greater  than  twice  the  catch 
since  only  25  percent  of  those  caught  are  from  local  stocks.  The  abundance  of 
chums  is  probably  in  the  millions  and  some  are  of  Asian  origin  (Kamchatka, 
Anadys  rivers).  There  is  also  some  evidence  that  Asian  pink  salmon  are  in  the 
Unimak  Pass  area. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  Royce,  W.  F.,  L.  S.  Smith  and  A.  C.  Hartt,  "Models  of  Oceanic 
Migrations  of  Pacific  Salmon  and  Consents  on  Guidance  Mechanisms,"  U.  S. 

Fish  and  Wildlife  Service,  FISHERY  bULLETIN,  66(3)  :441-442,  1968. 

2.  Hartt,  A.  C.,  "Movement  of  Salmon  in  the  North  Pacific  Ocean  and 
Bearing  Sea  as  Determined  by  Tagging,  1956-1958,"  INTERNATIONAL  NORTH  PA  ’ ’ 


3. 

Interior, 

islands  ua 


Bureau  of  Sport  Fisheries  and  Wildlife  and  U.  S. 


r.Y VI EONMEN TA L  STATEMENT, 

tinai.  iff,  kef  a* if. 


PROPOSED  UNIMAK  WILDFRNFS, 

ALASKA,  DES  72-114,  Final, 


Department  of  the 

ALEUTIAN 

1972. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  UNIMAK  PASS 


Halibut 
Pollock 
Flathead  Sole 
Pacific  Ocean  Perch 
Pacific  Cod 
Black  Cod 
Cottlds 
King  Crab 
Tanner  Crab 
Shrimps 


HALIBUT 


Relatively  unimportant  to  commercial  fishing.  A  few  fish  have  been 
taken  from  along  the  Aleutian  Islands  each  year.  The  shallow  areas  of 
both  the  Bering  Sea  side  and  the  Pacific  Ocean  side  of  Unimak  Island  are 
extremely  important  to  young  halibut.  2*3  Young  of  the  year  were  taken 
with  beach  seines  along  the  Pacific  side  of  the  Alaska  Peninsula  in  May.4 

POLLOCK 


No  domestic  fishery  yet  but  extremely  important  for  foreign  trawlers 
just  north  of  Unimak  Pass. 

KING  CRAB  AND  TANNER  CRAB 

Important  domestic  fishing  on  both  shores  of  Unimak  Island  and  along 
the  Aleutian  Islands. 

SHRIMP 


Very  important  domestic  fishery  in  bays  of  the  Aleutian  Islands. 
PACIFIC  OCEAN  PERCH 


Pacific  Ocean  Perch  fished  by  foreign  fleets  in  deep  water  just  south 
of  Unimak  Pass. 

FLOUNDERS 


Several  species  of  flounders  are  found  in  the  shallow  water  of  this 
area.  Rock  sole  are  probably  most  important  flounder  in  shallow  bays. 
Yellowfin,  butter  and  flathead  sole  are  also  present. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  UNIMAK  PASS  (CONT'D.) 


SOURCES: 


1.  Best,  E.  A.,  International  Pacific  Halibjt  Comnission,  personal 
coirmunication. 


2.  Best,  E.  A.,  International  Pacific  Halibut  Comnission  Technical 
Report  12:63  p.,  1974. 

3.  Best,  E.  A.,  International  Pacific  Halibut  Comnission  Technical 
Report  11 :32  p.,  1974. 


4.  Thompson,  W.  F.,  and  R.  Van  Cleve,  LIFE  HISTORY  OF  THE  pacific 
HALIBUT ,  (2)  DISTRIBUTION  AND  EARLY  LIFE  HISTORY,  Report  of  the  International 
Fisheries  Comnission  No.  9,  Seattle,  Wash.,  182  pp.,  1936. 


D-112 


BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS 


BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS  (CONT’D.) 
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BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS  (CONT'D.) 


BIOLOGICAL  RESOURCES  OF  UNIMAK  PASS  (CONT'D.) 
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UNIMAK  PASS  VICINITY  -  MAMMALS  AND  BIROS 


ORGANISM  GROUP 

_ 111 

2 

Brown  Bear 


Caribou1,  2 


HABITATS  OF  CONCERN 
_ 121 _ 


GENFRAL  COMMENTS 

L3J _ 


Benches 
GruSS  Flits 


low  Tundra 
Grass  Flats 


tittle  known  about  brown  bear  stocks  on 
Unimak  Island.  Fsscntially  virgin. 
Fifteen  harvested  in  1964.  Population 
believed  quite  substantial. 

Part  of  peninsula  herd  with  suspected 
inte' changes.  Esti  ate  3,000  on  island 
and  buildlrg.  [migration  expected  If 
overpopulation  problems  manifest  them¬ 
selves. 


Wolves  and  ,  .  Beaches 

Wolverines' * 

Harbor  Seal1,  2  ,  beaches 

Northern  Fur  Sear  Nearshore  Seas 


Both  believed  present  in  low  mnbers. 

A  qreater  population  possible  due  to 
large  available  food  stores. 

Quite  abundant  throughout  area.  No  harvest 
even  before  Marine  Mammal  Protection  Act. 


Sea  Otter1 *  2  Beach  Coves 

Nearshore  Seas 


Sea  L ion 


1 


Rocky  Coves  and 
Beaches 


Whales1 


Open  Sea 


Ducks 


1 


Open  Sea 
Reaches 
Grass  Flats 


Area  formerly  supported  a  large  population. 
Exterminated  but  now  recoloniy irg .  Popu¬ 
lation  suffered  high  mortality  due  to 
extreme  ice  conditions  in  1971  and  1972. 
Current  population  estimates  for  north 
Unimak  Island  and  Alaska  Peninsula 
8.AQ0  to  10.000  and  increasing.  Species 
believed  highly  vulnerable  to  oil  spills. 

Unit  10  (Aleutian  Islands)  contains  more 
>ea  lions  than  any  other  game  unit.  No 
good  estimates.  Figures  below  based  on 
maximal  counts  but  incomplete  counts. 
Populations  believed  at  carryinq  capacity: 
Akutan  Island  north  Head)  715,  Akun  Island 
(Akun  Head)  2,000,  Akun  Island  (Billings 
Head)  100,  Tanginak  Island  600,  Tegolda 
Island  (west  end)  10,  Tegolda  Island  (east 
end)  750,  Aiktok  Island  600,  Unimak  Island, 
Cape  Sarichef  200,  Oksenof  Point  4,000. 

Harbor  and  Dali  porpoises,  killer  whales. 
Pacific  pilot  whales,  Baird’s  beaked  whale 
and  Cuvier’s  beaked  whale  normal  in  area. 
First  three  very  common  in  coast  waters. 

Last  species  relatively  uncommon.  Male 
sperm  whales  occasionally  present  as 
migrants.  Baleen  whales  include  finback, 
humpback  and  minke.  Possibility  of  the 
rare  blue,  sei  and  Lowhcad  (considered 
endangered  forms).  Gray  whales  pass  In 
Winter  migration. 

Very  little  population  information  available. 
The  area  is  a  major  migration  :one  for  birds 
passing  toth  to  Asia  and  to  the  Americas; 

Also  a  major  wintering  area  for  sea  ducks. 
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ORGANISM  GROUP  HABITATS  OF  CONCERN 

_ ILL-  -  _  (2) 

Geese1  Open  See 

Beaches 
Grass  Flats 

2 

Swans 

Seabirds1  Open  Seas 

Beaches 
Estuaries 


Shoreblrds2 

2 

Upland  Game  Birds 

j 

Raptors 


GENERAL  COMMENTS 

_ LU _ 

Major  migration  population.  Also  over 
100,000  breeding  emporer  geese  known  to 
winter  on  the  Aleutlons.  Many  migrated 
through  the  Pass  area.  Also  Asia  migrants. 

Major  breeding  population  of  whistling 
swans. 

Literally  hundred  thousands.  Little 
firm  population  data  available.  Unimak 
colonies  identified  as  follows:  Kallgagan 
Island,  Cassin's  Auklet  and  Parakeet  Auklet 
Akutan  Island:  tufted  puffins,  Unimak 
Island:  double-crested  cormorants,  black¬ 
legged  kittlwake,  Aleutian  tern  (rare). 


Probable  breeding  of  bald  eagles. 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA  'S  W1LDLTTF  AND  HABITAT, 
January  1973. 

2.  A.  W.  Erickson,  personal  conmunlcatlon. 
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OF  ALASKA  II  -  SURFACE  WINDS 
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to  the  United  States  Coast  Guard,  February  1974,  Final  Report  No.  CG-D-79-74. 
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PORT  MOLLER:  INFORMATIONAL  RESOURCES 
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PORT  MOLLER  SALMONID  RESOURCES 


Sockeye  juveniles  leaving  Bristol  Bay  tend  to  congregate  in  the  Port  Holler 
area  (from  shore  to  about  40  km  offshore)  where  they  begin  feeding  after 
leaving  their  rivers  of  origin.  They  are  in  the  area  from  mid-June  until 
late  August.  From  Port  Moller  their  movement  is  offshore  into  the  Bering  Sea. 
Using  the  adult  run  sizes  to  Bristol  Bay  and  a  90  percent  marine  mortality  an 
estimated  500  million  juveniles  could  be  in  the  Port  Moller  area  in  a  given 
year.  However,  the  number  at  any  given  date  would  be  less,  but  would  often 
be  in  the  millions.  The  early  marine  life  of  juvenile  salmon  is  considered 
critical  to  survival  and  at  this  time  they  would  probably  be  more  sensitive 
to  oil  spills  due  to  other  physiological  stress  they  are  dealing  with  (i.e., 
osmoregulatory  changes,  starvation  from  not  feeding  in  Bristol  Bay,  new  diet). 
This  would  also  make  any  effect  on  their  food  (plankton)  potentially  detri¬ 
mental  . 

Adult  sockeye  migrating  to  Bristol  Bay  pass  Port  Moller  from  about  June  15 
to  July  1  (this  would  be  peak  abundances;  the  entire  run  would  be  spread 
out  from  June  1  to  September  1;  but  abundances  outside  the  peak  would  seldom 
be  important).  The  abundance  of  adults  on  any  one  day  would  not  equal  the 
entire  Bristol  Bay  run,  but  during  the  peak  it  would  be  several  million. 

The  mean  run  to  Bristol  Bay  from  1956  through  1972  was  16.6  million  with  a 
range  of  53.1  -  2.4  million. 

*  Note:  In  some  years  the  fishery  at  Port  Moller  can  be  large,  e.g.,  in 
1971  the  catch  at  Bear  River  and  Herendeen  Bay  totalled  nearly  2.5  million 
sockeye. 

The  information  on  salmon  species  other  than  sockeye  is  scanty,  but  their 
behaviour  is  similar.  King  salmon  adults  pass  Port  Moller  earlier  than 
sockeye,  75  percent  of  the  run  between  June  14  and  28  (65  to  90  km  offshore). 
Coho  adults  would  be  in  the  Port  Moller  area  f i  om  mid-July  till  late  August. 
Both  king  and  coho  are  mostly  transitory  in  the  area  as  the  local  spawning 
stocks  account  for  only  five  percent  of  the  Bristol  Bay  catch.  The  rest  are 
bound  for  the  Naknel  and  Nushagak  systems.  Local  spawning  is  in  the  Izembek 
and  Nelson  lagoon  areas. 

Chum  salmon  adults  pass  Port  Moller  between  June  20  and  July  10  about  40  to 
95  km  offshore.  There  is  also  some  local  spawning,  so  these  fish  would  be  in 
the  area  longer  and  closer  to  shore.  Pink  salmon  adults  pass  Port  Moller 
about  the  same  time  as  the  Bristol  Bay  sockeye  run.  Although  there  are  local 
spawning  stocks  of  all  species,  the  evaluation  should  be  based  on  the  Bristol 
Bay  runs  passing  by  the  area  simply  because  of  the  greater  numbers.  Of  all 
salmon  in  the  area  at  least  90  percent  are  bound  for  the  upper  bay.  Total 
run  statistics  for  the  non-sockeye  species  is  not  available  but  catch  data  is. 
Assuming  a  rate  of  exploitation  of  50  percent  (conservative)  the  runs  to 
Bristol  Bay  during  1951  to  1967  by  snecies  were: 
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PORT  HOLLER  SALMON ID  RESOURCES  (CONT'D) 


SPECIES  ESTIMATED  MEAN  RUN 


King 

Coho 

Chum 

Pink  (even  years) 


165.40C 

74,300 

928,800 

1,650,200 


There  is  little  information  on  juveniles  of  these  four  species  but  their 
behaviour  is  probably  similar  to  sockeye.  The  pink  and  chum  salmon  leave 
freshwater  earlier  and  would  be  in  the  Port  Moller  area  in  early  to  mid-June. 
The  king  and  coho  juveniles  probably  move  through  the  area  within  the  time 
frame  of  sockeye  but  no  information  is  available. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  Straty,  R.  R.,  ECOLOGY  A  CD  BEHAVIOR  OF  Cl'VENILE  COCKEYE  CALVE 

'  I-Kihirhunjkus  NerkaJ  IN  BRISTOL  BAY  AND  THE  EASTERS  BE  PI  SI  SEA.  International 
Symposium  for  Bering  Sea  Study,  Vol .  1  ,  1972. 

2.  State  of  Alaska,  Department  of  Fish  and  Game  Division  of  Comnercial 
Fisheries.  Bristol  Bay  Area,  Annual  Management  Report,  1967. 

3.  Rodgers,  D.  E.,  FORE  AS.  OF  THE  oA^MON  RLE  TO  Er.I^t .  ..  5A )  . 4. 

University  of  Washington  Fisheries  Research  Institute,  Circular  74-1,  1974. 


4.  Arctic  Environmental  Information  and  Data  Center,  the  BRISTOL  BAY 
ENVIRONMENT  -  A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  prepared  for  the 
Department  of  the  Army,  Alaska  District  Corps  of  Engineers,  February,  1974. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  POST  MOLLER 


1,2,3 


Salmon  -  (no  kings)  plus  Dolly  Varden 
rmelt  -  Capelin,  Rainbow  Smelt 
Surf  Smelt  and  Eulachen 
Cods  -  Pacific  Cod,  Pollock,  and  Saffron  Cod 
Threespine  Stickleback 
Hexagramnids  (three  species) 

Cottids  (10  species) 

Agonids  or  Sea  Poachers  (three  species) 
Snailf  ish 
Sandlance 
Gunnel s 

Flounder  -  Halibut,  Starry  Flounder 
Yellowfin  Sole,  Rock  Sole, 
and  Longhead  Dab 
King  and  Tanner  Crabs 


KING  CRAB 


Offshore  areas  off  Port  Moller  are  very  important  to  king  crab  fishery. 
First,  second,  and  third  staae  zoea  were  collected  in  surface  hauls  off 
Port  Moller  from  mid-May  through  June.  More  were  taken  during  the  night 
indicating  a  diurnal  migration.  As  development  proceeds,  the  animal  apparently 
moves  to  deeper  water/  King  crab  larvae  are  off  Port  Moller  from  May  16  - 
June  15  with  highest  abundances  found  near  shore. 

King  crab  may  be  cha racter i zed  as  a  benthic  feeding  predator.  Mollusks 
in  71  Dercent  of  stomachs  (r’astronods  and  oedypods),  crustaceans  56  percent, 
and  anphinods  31  nercent. 

In  laboratory  rearing  experiments,  king  crab  zoea  were  fed  trochophore 
larvae  of  .  /•.-  sp.  and  several  kinds  of  polychaete  larvae/ 


YELLOWFIN  SOLE 


Yellowfin  sole  spawn  in  the  offshore  area  of  central  Bristol  Bay  in 
July.  The  eggs  develop  in  the  surface  layers  at  temperatures  of  6.4°C  to 
11.4°C. 


Yellowfin  sole  usually  stop  feeding  in  Winter  but  were  noted  to  continue 
during  the  Winter  of  1963-1964. 8 

Yellowfin  sole  feeds  mainly  on  mysids,  euphausids,  shrimp,  (Pnrjr'ua 
borealis),  and  several  mollusks/ 
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fish  and  shellfish  important  at  port  moller  (cont-d.) 

ROCK  SOLE 


June  inSS?!tninRi7,?6taFCe  f°r  f}ounder,s*  rock  so1e  spawn  from  March  to 
fn  J  Ist?  a!'  e99s  are  demersal  and  adhesive.''  Rate  of  hatchina 

10-9'  15-3  «  "•  »■  3  -  « 


Feeds  mainly  on  polychaetes  and  some  mollusks.9 


SOURCES : 


1.  Me Roy ,  C.,  and  A.  Peden,  FISHES  COLLECTED  IN  IZEMBEK  LAGOON ,  U.S. 
Fish  and  Wildlife  Service,  Izembek  National  Wildlife  Range,  Alaska,  Wildlife 
Report  No.  2:  4  p. ,  N.D. 

2.  Tack,  S.  L. ,  THE  SUMMER  DISTRIBUTION  AND  STANDING  STOCK  OF  THE 

fishes  OF  izembek  LAGOON,  ALASKA,  University  of  Alaska,  Masters  Thesis,  1970. 

3.  Best,  E.A.,  International  Pacific  Halibut  Commission,  Personal 
Communication. 


4.  Takeuchi,  I.,  ON  THE  DISTRIBUTION  OF  ZOEL  LARVAE  OF  KING  CRAB, 
Paralithodes  camtschatica.  IN  THE  SOUTHEASTERN  BERING  SEA  IN  1960 ,  Hakkaldo 
Regional  Fisheries  Research  Laboratory  Bulletin,  24:163-170,  1962. 

5.  Haynes,  E.B.  ,  DISTRIBUTION  AND  RELATIVE  ABUNDANCE  OF  LARVAE  OF  KING 
CRAB,  Paralithodes  camtschatica.  IN  THE  SOUTHEASTERN  BERING  SEA,  Natural  Marine 

Fish.  Serv.  Fish.  Bull.,  72(3) :804-812,  1974. 


6.  Feniuk,  V.F.,  ANALYSIS  OF  STOMACH  CONTENTS  OF  KING  CRAB ,  Investiga¬ 
tion,  Tikhooksansky  Institut  Rybnozo  Khozyoystov,  19:17-18,  1945. 

7.  Sato,  S. ,  and  S.  Tankaka,  STUDY  ON  THE  LARVAL  STAGE  OF  Paralithodes 
camtschatica  (TILESIUS)  II  ON  the  REARING,  Hokkaida  Fishery  Scientific  InstUu- 
tion.  Scientific  Pages  No.  3:18-30,  1940. 


v  , .  cF?deeY’  N-s-*  Fishery  and  biological  Characteristics  of 
Israel  Program  for  Scientific  Translations,  1970.  Moiseev,  ed., 

ed.,  Israel  Program  for  Scientific  Translations,  1963.  "oiseev. 

Rock  Sole’in^hp^th  D\A"  *nd  L-  A-  Lisovenko,  "Data  on  the  Biology  of 

<  Ei!MTiS£ So,e 
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BIOLOGICAL  RESOURCES  OF  PORT  MOLLER  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  PORT  MOLLER  (CONT'D.) 


SOURCES: 


S^SNW^  eva1uations  were  made  b*  Charles  A.  Simenstad,  Consultant 


pvr/rDn»L,,mArCtlC  Envi ronmental  Information  and  Data  Center,  THE  BRlBTnT  bay 
ENVIRONMENT  -  A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE  Dreoared  for  Xp 
Department  of  the  Army,  Alaska  District,  Corps  o?1ng“eers?P?ebruarJ  S74. 

p,ra.  nf2;.  Sbab(?neev,  I.  E.,  "Biology  and  Fishing  of  Herring  in  the  Eastern 

PACIFIC  KVT  hS  INVESJ^IONS  IN9 THE  NORTHEAST 

tlons.1965?  '  Moisseev,  ed.,  Israel  Program  for  Scientific  Transla- 

r.  .  ]}•  Musienk°,  L.  N.,  "Reproduction  and  Development  of  Berina  Spa 

P  !6S '“S0VIFT  r/SHERIES  INVESTIGATIONS  IN  THE  NORtZst  PACIFIC  9 PART  V 
P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations^ 1970  ' 

SffiSrU&E  l^hS£%^£S£PlEP 

RePOrt'  F,Sh  and  W,,dMf*  *•*«•  Dureai/of^Sport  Fisheries 

5.  Arctic  Environmental  Information  and  Data  Centpr  ruv  rdtctht 
DeD™nf  -  A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  prepared  for  Se 
P  o  the  Army,  Alaska  District,  Corps  of  Engineers,  February  1974. 

r»7T/7-Dyni wA  ^r^tic  Environmental  Information  and  Data  Center,  THE  BRISTOT  ray 
7  a [BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  prepared  for  the 
P  no  the  Army,  Alaska  District,  Corps  of  Engineers,  February  1974. 

in  fhea  L  ♦!iade?v’  N;  S”  "ComParative  Outline  of  the  Biology  of  Flatfishes 
Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1970. 

Rock  Snip  nfhtho1s°VihD'  !-  and  L‘  A‘  Lisovenk°>  "Data  on  the  Biology  of 

Hal  ihiit-^'w  Novikov,  N.  P. ,  "Basic  Elements  of  the  Biology  of  the  Pacific 

hWPoglo88us  atenolepis  Schmidt,  in  the  Berinq  Sea  " 

P  UERTES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  II 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1964. 

tnnthpH12aiihh!l!nt°V\u'  E**  "Distribution  of  Greenland  Halibut  and  Arrow- 
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11.  Ivanov,  B.  G.,  "Quantitative  Distribution  of  Echinodermata  on  the 
Shelf  of  the  Eastern  Bering  Sea,"  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE 
NORTHEAST  PACIFIC  PART  II,  P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific 
Translations,  1964. 

12.  Faculty  of  Fisheries  -  several  reports,  1964-1967,  the  OSHARU  MARU 
cruises  4,  9,  14,  19,  DATA  RECORD  OF  OCEANOGRAPHIC  OBSERVATIONS  AND  EXPLORATORY 
FISHING,  No's.  8,  9,  10,  and  11,  Hokkaido  University  (from  Source  No.  1). 

13.  Serobaba,  I.  I.,  "Distribution  of  Walleye  Pollock  Theragra 

chalco gramma  (Pallas),  in  the  Eastern  Bering  Sea  and  Prospects  of  Its  Fishery," 
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FISHING,  No's.  8,  9,  10,  and  11,  Hokkaido  University  (from  Source  No.  1). 

15.  Paraketsov,  I.  A.,  "On  the  Biology  of  Sebastod.es  alutus  of  the 
Bering  Sea,"  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  I, 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1963. 
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PORT  ROLLER  VICINITY  MAMMALS  AMO  BIRDS 


ORGANISM  GROUP 
..  (1) 

HABITATS  OF  CONCfP.N 
(2) 

GENERAL  COMMENTS 
(3) 

1  2 

Brown  Bear  • 

Beaches 

Grass  Flats 

Important  area  with  dense  populations, 
heavy  beach  use  and  stream  feeding  on 
salmon. 

Wolves  and' *  ^ 
Wolverines 

Beaches 

Grass  Flats 

Possible  impact  on  food  resources. 

Moose' 

Willow  Flats 

Expanding  population.  Year-long 
concentration  area  just  east  of  Port 
Holler.  Calving  on  coastal  plain  trauld 
he  vulnerable  to  pollution  and  cleanup. 

Caribou' 

Tur.dra  Lowlands 

Willow  Flats 

There  are  15,000  estimated  for  the 
Peninsula.  Port  Holler  is  dividing  area 
for  two  distinct  herd  groups.  Important 
wintering  area  westslde  of  Port  Holler. 

Aquatic  - 

Furbearers* 

Flats 

Estuaries 

Light  population  presumed  but  these 
highly  vulnerable  to  oil  spills. 

Harbor  Seal' 

Beaches 

Estuaries 

An  estimated  1 ,500  were  harvested 
annually  in  Port  Holler  until  protected 
recently  under  Marine  Manroal  Protection 
Act. 

Northern  Fur  Seal' 

Pelagic 

Minor  Spring  and  Fall  migration  stocks. 

? 

Sea  Lions 

Rocky  Coves 

Beaches 

Estimated  50,000  sea  lions  on  Alaska 
Peninsula.  Local  population  concentra¬ 
tions  as  follows:  Wosnesenkkl  Island  300, 
Jude  Island  3,000  including  pups, 

Shumagln  Island  400,  Unga  Island  30, 

The  Whaleback  600,  Haystack  3,100. 

Walrus' 

Pelagic 

Minor  occurences  In  Winter  and  Simmer. 

Whales  and 
Porpoises  1 

Pelagic 

Several  species  during  Sunnier,  principally 
beluga  whales. 

Sea  Otter' 

Nearshore  Seas 

Bays 

Population  expanding.  Major  Winter  Ice 
off  in  1971  and  1972.  Few  survivors  In 
Port  Holler  but  population  recovery 
expected. 

Ducks' 

Nearshore  Seas 

Marsh  Flats 

Estuaries 

Major  wintering  In  main  bays.  High 
productivity  estimated  at  32  breeding 
pairs  per  square  mile  west  of  Port  Moller. 

Geese' 

Nearshore  Seas 

Migration  area.  Brooding  ground.  Major 
production  area  but  population  estimate 
not  available. 

Swans' 

Nearshore  Seas 

Beaches 

Estuaries 

Major  swan  production  area.  Two 
whistling  swans  per  square  mile. 

Major  migration  area. 
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PORT  HOLLER  VICINITY  HAWALS  ANO  BIROS 


GENERAL  COMMFNTS 

(3) 

No  iMjor  colonies,  some  beech  colonies. 
Possible  Impact  on  food  Items. 

Upland  Game  Birds 
2 

Raptors 


ORGANISM  GROUP 

(1) 


HABITATS  OF  CONCERN 

(2) 


Seabirds 


Beaches 


Shorebirds 


Beaches 
Hud  Flats 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA 'S  VILDUFE  AND  HABITAT, 
January  1973. 

2.  A.  W.  Erickson,  personal  communication. 
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DATES  Or  ICC  RRCAKUP  AND  FRCUItP 


Plait 

Water* 

Ice  tree* up 

Ice  frfissf 

Ave 

Ported 

Average 

CerUeet 

Latest 

Average 

Earliest 

Latest 

record 

- - 

1 - 1 

r~~  I 

r  l 

Gall  of  M 

1  1 

asAa 

f  l 

f  '  "  - 1 

r - v 

r - 

WlM  -  -  . 

TiUmim 

lUMlof  -  -  - 
RMIt - 

Aecherege 


Sueitaa  lb«tr  - 

—  4s  - . - 

Kaailof  Riven  ■ 
■Umi  Ri»tr-.- 
Slu|  C r##«  ... 


Mar 


4/12/41 

9/10/40 

Nee 

4/12/41 

9/29/92 

Dec 

1/21/41 

4/29/44 

Dec 

3/19/92 

4/14/91 

Dec 

2/10/44 

4/11/42 

Nee 

I 

S 

3 

10 

24 


10/10/33 

11/14/30 

12 

11/12/30 

12/23/47 

12 

11/13/49 

12/24/40 

10 

11/23/91 

12/20/31 

0 

11/10/30 

12/10/30 

21 

IIJJ 

1010 

list 

1911 

lilt 


•  1040 

•  iisa 

•  IUT 

•  1092 
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CLIMATOLOGICAL  SUMMARY 


COLDBAY.  ALASKA  (C  *44  Be;  Alison)  3>*12‘N  .  112*43  W  .  Cltveuon  (jroontfl  84  tK  «B  INI 


SOURCE:  U.  S.  Department  of  Commerce  and  Coastal  and  Geodetic  survey, 
PACIFIC  AND  ARCTIC  COASTS  -  ALASKA,  CAPE  SPENCER  TO  BEAUFORT 
SEA,  Seventh  Edition  (October  3,  1974),  U.  S.  Coast  Pilot  Volume  9. 
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BRISTOL  BAY  -  SURFACE  WINDS 
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AND  TRANSPORTATION  SYSTEMS,  Pacific  Northwest  Laboratory,  Division  of  Memorial  Institute 
to  the  United  States  Coast  Guard,  February  1974,  Final  Report  No.  CG-D-79-74. 
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SOURCE:  lUtloMl  CIlMtlc  Ctnter,  SSW  (run  C). 


KVICHAK  BAY:  INFORMATIONAL  RESOURCES 


•  Kvichak  Bay  Salmonid  Resources 

•  Fish  Important  at  Kvichak  Bay 

•  Biological  Resources  of  Kvichak  Bay 

•  Kvichak  Bay  Vicinity  Mammals  and  Birds 

•  Climatological  Summary  -  King  Salmon 

•  Surface  Winds  -  King  Salmon 
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KVICHAK  BAY  SALMONID  RESOURCES 


The  Kvichak  river  is  the  largest  single  producer  of  sockeye  salmon  in  the  world. 
The  runs  to  the  Naknek-Kvichak  District  have  varied  from  one  to  nearly  fifty 
million  sockeye  in  recent  years.  The  variation  of  runs  in  this  district  de¬ 
termines  the  magnitude  of  the  entire  Bristol  Bay  run  since  it  constitutes  up 
to  90  percent  of  the  total . 

Juvenile  sockeye  move  through  the  spill  site  on  their  seaward  migration  from 
May  15  to  July  15.  The  peak  abundance  would  be  about  mid-June.  They  migrate 
along  the  Alaska  Peninsula  coastline  rather  hurriedly  until  they  reach  the  area 
around  Port  Moller  where  they  slow  down  and  start  feeding.  Therefore,  the  con¬ 
centration  of  juveniles  at  the  spill  site  would  probably  never  be  great  but 
would  always  be  transitory.  Nevertheless,  at  the  peak  of  migration  the  abun¬ 
dance  could  be  several  million  on  any  one  day.  Adult  sockeye  on  their  spawning 
migration  would  start  appearing  in  the  area  in  early  June  and  peak  about  July 
1  to  5.  The  fishery  usually  occurs  from  June  20  through  July  with  90  percent 
of  the  catch  taken  in  the  mid  15  to  20  days.  The  fish  often  congregate  at  the 
river  mouths  and  inner  bay  before  moving  into  freshwater,  so  the  abundance  at 
the  spill  site  could  be  large,  potentially  20  to  40  million. 

The  total  economic  value  of  the  fishery  is  difficult  to  determine  and  the  data 
for  just  the  Naknek-Kvichak  District  is  not  available.  However,  the  Bristol 
Bay  sockeye  fishery  is  the  economic  base  of  the  entire  area  and  the  Naknek- 
Kvichak  is  the  largest  contributor. 

Information  is  available  for  the  entire  Western  Alaska  and  a  proportion  of  60 
to  70  percent  is  a  aood  estimate  of  the  Naknek-Kvichak  portion  of  this  total. 

For  the  years  1967  to  1971  the  mean  annual  value  of  sockeye  catches  to  the 
fishermen  was  approximately  $8,600,000.00  (2.9  -  18.3)  and  the  wholesale  value 
of  the  products  was  $16,400,000.00  (8.2  -  31.1). 

No  known  spawning  in  the  Bay  itself.  In  marine  environment,  adults  live  in 
1  to  10  m  depth  from  surface  and  juveniles  live  in  1  to  2  m  from  surface. 

Adults  and  juveniles  apparently  do  not  feed  in  the  Bay  Compared  to  the 
sockeye  salmon  runs  the  other  salmon  species  are  of  little  importance  except 
as  an  "economic  buffer"  in  years  of  low  sockeye  abundance.  The  addition  of 
these  species  do  little  to  change  the  "critical  time  frame".  The  king  salmon 
(adults)  enter  the  bay  ahead  of  the  sockeye:  June  for  the  most  part.  Chums  and 
pink  salmon  enter  about  the  same  time  as  the  sockeye,  usually  with  the  late  part 
of  the  run.  The  coho  enter  late,  usually  late  July  -  early  August.  The  juvenile 
outmigrants  leave  within  the  time  frame  of  the  sockeye  smolts,  although  pink 
and  chum  fry  leave  during  the  early  Summer,  late  May  -  early  June. 

The  following  values  are  to  the  fishermen  based  on  mean  catches  (1951  -  1967) 
and  1967  prices  to  independent  fishermen: 
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KVICHAK  BAY  SALMON ID  RESOURCES  (CONT'D.) 


SPECIES 

VALUE 

King 

$17,962  (based  on  medium  sized  king) 

Coho 

2,072 

Pink 

total 

5,113 

odd 

25 

even 

10,838 

Chum 

72,396 

SOURCES:  Compilation  by  Larry  6.  Gilbertson,  Consultant  to  MSNW. 

1.  straty,  Richard  R.,  ECOLOGY  AND  BEHAVIOR  OF  JUVENILE  SOCKEYE  SALMON 
(Oncorhunchus  nevka)  IN  BRISTOL  BAY  AND  THE  EASTERN  BERING  SEA,  International 
Symposium  for  Bering  Sea  Study,  Vol .  1  ,  1972. 

2.  Fredin,  R.  A.,  S.  Pennoyer,  K.  R.  Middleton,  R.  S.  Roys,  S.  C. 
Smedley  and  A.  S.  Davis,  INFORMATION  ON  RECENT  CHANGES  IN  SALMON  FISHERIES 
OF  ALASKA  AND  THE  CONDITION  OF  THE  STOCKS,  I.N.P.F.C.  Doc.  No.  1134,  1968. 

3.  Mathews,  Stephen  B.,  THE  ECONOMIC  CONSEQUENCES  OF  FORECASTING 
SOCKEYE  SALMON  ( OncorhwohuB  nerVa,  WALBAUM)  RUNS  TO  BRISTOL  BAY,  ALASKA, 

Ph.D  Thesis,  University  of  Washington,  1967. 

4.  Hartman,  W.  L.,  W.  R.  Heard  and  B.  Drucker,  "Migratory  Behavior 
of  Sockeye  Salmon  Fry  and  Smelts,"  J.  FISH.  RES.  BD.  CANADA,  24(  10) : 2069- 
2099,  1967. 

5.  State  of  Alaska  Department  of  Fish  and  Game.  Statistical  Leaflet. 
Publ ished  Annually. 

6.  State  of  Alaska  Department  of  Fish  and  Game.  Division  of  Conmer- 
cial  Fish.,  Bristol  Bay  Area,  Annual  Management  Report,  1967. 
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FISH  IMPORTANT  AT  KVICHAK  BAY 


Yellow-fin  Sole 
Starry  Flounder 
Longhead  Dab 
Cottids 
Herring 
Tom  Cod 
Greenl ing 
Smelt 
Sandlance 
Sea  Poachers 
King  Salmon  (one  only) 


LONGHEAD  DAB 

The  longhead  dab  spawns  in  June  and  may  continue  until  early  August. 
It  spawns  in  the  littoral  areas  shallower  than  other  flatfish  species 
Spawning  observed  at  26  to  30  m  at  2.2°  to  2. 4°C.2 


SOURCES: 

1.  Best,  E.  A.,  International  Pacific  Halibut  Commission,  Personal 
Commum  cation. 

r, ,  2.  Musienko,  L.  N.,  "Reproduction  and  Development  of  Berinq  Sea 

Fishes,  SOVIET  FISHING  INVESTIGATION  IN  THE  NORTHEAST  PACIFIC '  PART  V 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations’,  1970.  ’ 
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BIOLOGICAL  RESOURCES  OF  KVICHAK  BAY 
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BIOLOGICAL  RESOURCES  OF  KVICHAK  BAY  (CONT'D.) 
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SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 
to  MSNW. 

1.  Artie  Environmental  Information  and  Data  Center,  THE  BRISTOL  BAY 
ENVIRONMENT  -  A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  prepared  for  the 
Department  of  the  Amy,  Alaska  District,  Corps  of  Engineers,  February  1974. 

2.  Artie  Environmental  Information  and  Data  Center,  THE  BRISTOL  BAY 
ENVIRONMENT  -  A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE ,  prepared  for  the 
Department  of  the  Army,  Alaska  Olstrlct,  Corps  of  Engineers,  February  1974. 

3.  Nelson,  M.,  Alaska  Dept,  of  Fish  and  Game,  Personal  Communication, 
(from  source  No.  1) . 

4.  Haynes,  E.,  and  C.  Lehman,  eds.,  "Minutes  of  the  Second  Alaska 
Shellfish  Conference,"  ALASKA  DEPT.  OF  FISH  AND  GAM!  INFORM.  LEAFL.  13S,  1969. 

5.  Mallck,  J.  G.,  S.  L.  Schroeder,  and  0.  A.  Mathlsen,  OBSERVATIONS 
ON  THE  ECOLOGY  OF  THE  ESTUARY  OF  NAKNEK  RIVER ,  BRISTOL  BAY ,  ALASKA,  University 
of  Washington,  Fisheries  Research  Institute,  1971. 

6.  Straty,  R.  R.,  "Ecology  and  Behavior  of  Juvenile  Sockeye  Salmon 
(Onchcrhynchua  nerka)  In  Bristol  Bay  and  the  Eastern  Bering  Sea,"  Chapter  14, 
OCEANOGRAPHY  OF  THE  BERING  SEA  WITH  EMPHASIS  ON  RENEWABLE  RESOURCES, 

D.  W.  Hood  and  E.  J.  Kelley,  eds.,  Unlv.  of  Alaska,  Institute  of  Marine 
Science,  Occas.  Pub.  No.  2,  1974. 

7.  Shaboneev,  I.  E.,  "Biology  and  Fishing  of  Herring  In  the  Eastern 
Part  Of  the  Bering  Sea,"  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST 
PACIFIC,  PART  iv,  P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Transla¬ 
tion,  1965. 

8.  Muslenko,  L.  N.,  "Reproduction  and  Development  of  Bering  Sea 
Fishes,"  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  V, 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translation,  1970. 

9.  Rumyantsev,  A.  I.,  and  M.  A.  Darda,  "Sumer  Herring  In  the  Eastern 
Bering  Sea,"  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  V, 
P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1970. 

10.  Mallck,  J.  G.,  S.  L.  Schroeder,  and  0.  A.  Mathlsen,  OBSERVATIONS 
ON  THE  ECOLOGY  OF  THE  ESTUARY  OF  NAKNEK  RIVER,  BRISTOL  BAY,  ALASKA,  University 
of  Washington,  Fisheries  Reserach  Institute,  1971. 
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11.  Fadeev,  N.  S.,  "Comparative  Outline  of  the  Biology  of  Flatfishes 
in  the  Southeastern  Part  of  the  Bering  Sea  and  Conditions  cf  Their  Resources," 

SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  V,  P.  A.  Moiseev, 
ed.,  Israel  Program  for  Scientific  Translations,  1965. 

12.  Novikov,  N.  P.,  "Basic  Elements  of  the  Biology  of  the  Pacific 
Halibut,  Hivpoglossus  hippuglossus  stenolepis  Schmidt,  in  the  Bering  Sea," 
SOVIET  FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  II, 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1964. 

13.  Shuntov,  V.  P.,  "Distribution  of  the  Greenland  Halibut  and  Arrow¬ 
toothed  Halibuts  in  the  North  Pacific,"  SOVIET  FISHERIES  INVESTIGATIONS  IN  THE 
NORTHEAST  PACIFIC,  PART  IV,  P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific 
Translation,  1965. 

14.  Barr,  L.,  and  R.  McBride,  SURFACE-TO-BOTTOM  POT  FISHING  FOR 
PANDALID  SHRIMP,  U.  S.  D.  I.  Fish  and  Wildlife  Service  Spec.  Sci.  Rept., 
Fisheries  No.  560,  1967. 

15.  Neiman,  A.  A.,  "Quantitative  Distribution  of  Benthos  on  the  Shelf 
and  Upper  Continental  Slope  in  the  Eastern  Part  of  the  Bering  Sea,"  SOVIET 

FISHERIES  INVESTIGATIONS  IN  THE  NORTHEAST  PACIFIC,  PART  I,  P.  A.  Moiseev, 
ed.,  Israel  Program  for  Scientific  Translation,  1963. 

16.  Shubnikov,  D.  A.,  and  L.  A.  Lisovenko,  "Data  on  the  Biology  of 
the  Rock  Sole  of  the  Southeastern  Bering  Sea,"  SOVIET  FISHERIES  INVESTIGATIONS 
IN  THE  NORTHEAST  PACIFIC,  PART  II,  P.  A.  Moiseev,  ed . ,  Israel  Program  for 
Scientific  Translation,  1964. 
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KVICHAK  BAY  VICINITY  MAffWLS  AND  BIROS 


ORGANISM  GRO'IP 

0) 

HABITATS  OF  CONCERN 
(2)  _ 

GENERAL  COMMENTS 
(3) 

Brown  Bear1,  2 

Beaches 

Streams 

Grass  Flats 

Population  In  Unit  9  perhaps  rivals 
those  anywhere  In  the  world  -  popu¬ 
lation  In  this  segment  of  low  abundance, 
however. 

Wolves  and  . 
Wolverines 

Beaches 

Marsh  Edges 

Wolves  low  In  numbers  despite  abundant 
food.  Wolverines  commonly  seen  or 
beaches.  Average  catch  of  wolverines 

Is  36  annually. 

Caribou1 

Low  Tundra 

Estimated  12,000  to  15,000  on  Peninsula. 
Wintering  area  east  of  Kvichak.  Popu¬ 
lation  increasing.  Estimated  400  to 

600  harvested  per  year. 

Noose1 

Willow  Flats 

There  are  an  estimated  7,500  moose  for 
Unit  9  with  heaviest  populations  In  the 
King  Salmon— Meshik  River  areas.  Annual 
kill  400  ♦.  Important  subsistence  food 
Item.  Greatest  population  along  rivers. 

2 

Aquatic  Furbearers 

Nearshore  Areas 
Beaches 

Marshes 

River  otter,  mink,  beaver  and  muskrats. 

Harbor  Seal1 

Beaches 

Mud  Flats 

No  population  estimate.  Apparently 
fair  population.  One  local  concentra¬ 
tion  area  at  Eglkek  Bay. 

Bearded  Seal2 

Pack  Ice 

Open  Seas 

Peripheral  animals  only  during  maxlmu* 
south  extent  of  pack  Ice. 

Sea  Llo'.s1 

Rocky  Coves 

Beaches 

Relatively  low  population.  Rookery 
Indicated  on  Walrus  Island. 

Walrus2 

Rocky  Beaches  and 
Coves 

Nearshore  Areas 

Major  haul-out  ground  on  Walrus  Island. 

Whales1 

River  Mouths 

Open  Sea 

No  population  figures  but  known  concen¬ 
trations  of  beluga  whales.  Concentration 
In  Bristol  Bay  heaviest  May  and  first 
two  weeks  of  June. 

Ducks1 

Includes  Sea  Ducks 

Nearshore  Areas 
Beaches 

Estuaries 

Mud  Flats 

(ISFWS  estimates  32  breeding  ducks  per 
square  mile  In  Unit  9.  Important 
migration  area. 

Geese1 

Intertidal  Areas 
Estuaries 

Near  Sea 

Important  migration  area  for  all  species. 
Good  production  ur.  t  but  estimate  not 
given. 

Swans1 

Intertidal  Areas 
Estuaries 

Two  whistling  swans  per  square  mile. 
Important  migration  area. 
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KVICHAK  BAY  VICINITY  MAHALS  AND  BIROS 


ORGANISM  GROUP 

_ ill 

Seabirds2 

Shoreblrds2 


HABITATS  OF  CONCERN 

_ ill _ 

Nearshore  Seas 

Beaches 
Mud  Flats 


2 

Upland  Gaaie  Birds 
Raptors2 


GENERAL  C0MHEKT< 

_ L 21 _ 

Migration  area. 
Migration  area. 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALArvA  'c  UlLD!. IFF.  At:u  babita 
January  1973. 

2.  A.  W.  Erickson,  personal  communication. 
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CLIMATOLOGICAL  SUM1ARY 


KJSG  SALMON,  ALASKA  (King  S*lnu»0  A.rpori)  b8  *1  N  .  \jb'Yt  'A  1  .I'uiio'.  (gruundj  44  frrt  \AH-1961 


SOURCE:  U.  S.  Department  of  Commerce  and  Coastal  and  Geodetic  survey, 
PACIFIC  AND  ARCTIC  COASTS  -  ALASKA,  CAPE  SPENCER  TO  BEAUFORT 
SEA,  Seventh  Edition  (October  3,  1974),  U.  S.  Coast  Pilot  Volume  9. 
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ST.  MATTHEW  ISLAND:  INFORMATIONAL  RESOURCES 


•  St.  Matthew  Island  Vicinity  Salmonid  Resources 

•  Fish  and  Shellfish  Important  at  the  St.  Matthew  Island  Vicinity 

•  Biological  Resources  of  the  St.  Matthew  Island  Vicinity 

•  St.  Matthew  Island  Vicinity  Mammals  and  Birds 

•  Surface  Winds  -  Bering  Sea 
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ST.  MATTHEW  ISLAND  VICINITY  SALMONID  RESOURCES 


The  abundance  and  distribution  of  salmon  In  this  area  Is  not  known. 
However,  a  safe  speculation  Is  that  there  are  some  salmon  In  the  area 
most  of  the  year.  Bristol  Bay  sockeye  and  Yukon,  Norton  Sound,  and 
Kotzebue  Sound  stock  are  In  the  general  area  as  part  of  annual  migration. 
The  Importance  of  these  fish  in  relation  to  a  spill  Is  minimal  since  high 
seas  salmon  are  very  mobile  and  would  probably  avoid  any  polluted  area. 
Salmon  may  not  be  present  from  about  December  to  April  when  the  island 
Is  surrounded  by  Ice. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  Straty,  R.  R.,  ECOLOGY  AND  BEHAVIOR  OF  JUVENILE  SOCKEYE  SALMON 
(?ny  mu  white  nprkn)  IN  BRISTOL  BAY  AND  THE  EASTERN  BERING  SEA.  International 
Symposium  for  Bering  Sea  Study,  Vol .  1,  1972. 

2.  Hartt,  Allan  C.,  MOVEMENT  OF  SALMON  IN  THE  NORTH  PACIFIC  OCEAN 
AND  BERING  SEA  AS  DETERMINED  BY  TAGGING,  19S6-19S8,  I.N.P.F.C.  Bull.  6,  1972. 

3.  Royce,  W.  F.,  L.  S.  Smith,  and  A.  C.  Hartt,  MODELS  OF  OCEANIC 
MIGRATIONS  OF  PACIFIC  SALMON  AND  CO  MINTS  ON  GUIDANCE  MECHANISMS,  U.  S.  Fish 
and  Wildlife  Service,  Fishery  Bull.  66(3):441-462,  1968. 
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FISH  AND  SHELLFISH  IMPORTANT  AT  THE  ST.  MATTHEW  ISLAND  VICINITY 


Flathead  Sole 

Yellowfin  Sole  -  Most  Important  Flatfish 
Rock  Sole  -  Most  Important  Flatfish 
Alaska  Plaice 
Herring 

Pacific  Halibut 
Pacific  Cod 
Cottids 
Tanner  Crab 
King  Crab 


KING  CRAP 

Not  identified  tut  presumed  to  be  the  northern  or  blue  species. 

>'!  iv:' -  >a  platypus ) . 

HERRING 

Probably  most  important  commercial  fishery.  Supports  a  large  foreign 
fleet  and  presumably  there  is  some  domestic  fishing  for  roe  herring  also. 

HALIBUT 

In  some  years,  substantial  catches  made  close  inshore,  around  the 
island  in  September  and  October.  Few  juvenile  halibut  were  reported. 

ALASKA  PLAICE 


Spawns  immediately  after  the  ice  melts  from  earlv  Mav  to  mid-June 
over  the  100  m  isoboth.  Temperature  from  0C  to  4<t.’  Feeds  on 
mollusks  and  polychartes .  3  Does  not  feed  in  Winter,  all  stomachs 

from  a  sample  collected  in  February  were  empty. 4 


SOURCES: 

1.  Best,  E.  A.,  International  Pacific  Halibut  Commission,  Personal 
Communication. 

2.  Musienko,  L.  N.,  "Reproduction  and  Development  of  Bering  Sea 
Fishes,"  S'  VIET  FISHERIES  INVESTIGATION  IN  THE  NORTHEAST  PACIFIC,  PART  V, 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1970. 

3.  Skalkin,  V.  A.,  "Diet  of  Flatfishes  in  the  Southeastern  Bering 
Sea,"  ."  VIET  FISHERIES  INVESTIGATION  IN  THE  NORTHEAST  PACIFIS,  PART  I, 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1963. 

4.  Mineva,  T.  A.,  "On  the  Biology  of  Some  Flatfishes  in  the  Eastern 
Berinq  Sea,"  SOVIET  FISHERIES  INVESTIGATION  IN  THE  NORTHEAST  PACIFIC,  PART  II, 

P.  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1964. 
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BIOLOGICAL  RESOURCES  OF  THE  ST.  MATTHEW  ISLAND  VICINITY  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  THE  ST.  MATTHEW  ISLAND  VICINITY  (CONT'D.) 


S0URCES:  S"Ked  evaluati°ns  »>  Charles  A.  Simenstad,  Consultant 

my’  Hlaska  District,  Corps  of  Engineers,  February  1974. 

Part  of2atheIGuar?Vif8AlaGsi;a""0^i/^%?:„Serr!Mo,09y  of  Shrin">  <»  «*  “«tern 
PACIFIC ,  PART  /PA  MoisPPif 'pH  FISHER^  INVESTIGATIONS  IN  THE  NORTHEAST 
tion,  1963.  ’  '  '  ’  ed-*  Israel  Program  for  Scientific  Transla- 

»p«!=SsSrKS: 

:'»SSr=r*“=~ 

p.  A.  Moiseev,  ed„  Israel  Program  for  Scientific  Transitions, Bts. 
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ST.  MATTHEW  ISLAND  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 

_  (D 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Polar  Bear 1 

Pack  Ice 

Beaches 

Area  coastal  tundra.  Southern  limit  of 
range,  species  currently  protected  but 
not  endangered.  Main  Impact  Is  on  food 
(seals  In  pack  Ice  and  grasses  and  sedges 
on  land). 

Polar  Fox1 

Pack  Ice 

Beaches 

Fosslb'e  impact  on  food  In  pack  Ice,  on 
beach  foraging  foods  and  on  dens  In 
beach  areas. 

Small  Mammals1 

Shore 

Tundra 

Populations  highly  vaccfllatory  In 
abundances.  Impact  on  foods  and  contact, 
If  on  shore. 

Reindeer1 

Shore 

Tundra 

Unexplolted  wild  herd  -  variously 

Increases  and  declines.  Main  Impact  Is 
possible  disturbance. 

Walrus1 

Pack  Ice 

Sea 

Walrus  herd  variously  migrates  north  and 
south,  passing  St.  Matthews  Island. 
Possible  disturbance  to  migration.  Food 
unlikely  to  be  affected.  Protected 
except  to  native  people. 

Northern  Fur  Seal1 

Sea 

Infrequent,  transient  animals  only. 

Ringed  Seal1 

Pack  Ice 

Protected  from  all  except  native  people. 
Important  part  of  their  economy  for  food, 
skins,  fuel ,  dog  food. 

Bearded  Seal1 

Pack  Ice 

As  per  walrus  and  ringed  seal. 

Harbor  Seal1 

Pack  Ice 

Beaches 

Year-long  resident;  possibly  Impacted 
most  heavily  In  Ice  free  months. 

Ribbon  Seal1 

Pack  Ice 

St.  Matthew  northern  range  limit,  mainly 
associated  with  pack  edge  In  Winter, 
pelagic  In  Sumner. 

Whales1 

Sea 

Various  species  ranging  from  common  mlnke 
and  killer  to  rare  and  endangered  forms. 

Oucks1 

Beaches 

Sea 

Grass  Flats 
Estuaries 

Possible  major  Impact  on  nesting  and 
overwintering  sea  ducks. 

Geese1 

Sea 

Estuaries 

Grass  Flats 

Mainly  migrants. 

Swans1 

Estuaries 

Grass  Flats 

Not  known  positively  but  possible 
migration  from  and  to  Asia. 
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ST.  MATTHEW  ISLAflO  VICINITY  MAHtALS  AND  BIROS 


OR? AM  ISM  GROUP 

_ Li! _ 

Seabirds' 


Shorebirds 


1 


HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Sea 

Estuaries 

Heavy  losses  during  feeding.  Also 
displacement  from  feeding  areas. 

Some  disturbances  and  losses  of  nests 
in  shore  areas. 

Beaches 

Estuaries 

Possible  food  resources  damaged; 
some  inshore  nesting. 

2 

ipland  Gan-e  Birds 
Raptors^ 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA'S  UIICLIFE  ASD  UA9ITAT, 
January  1973. 

2.  A.  W.  Erickson,  personal  communications. 
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KUSKOKWIM  -  BERING  SEA  REGION  -  SURFACE  WINDS 
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NOME:  INFORMATIONAL  RESOURCES 


•  Nome  Salmonid  Resources 

•  Fish  Important  at  Nome 

•  Biological  Resources  of  Nome 

•  Nome  Vicinity  Mammals  and  Birds 

•  Climatological  Summary  -  Nome 

•  Surface  Winds  -  Nome 
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NOME  SALMON ID  RESOURCES 


Chum  salmon  are  the  most  abundant  in  the  commercial  catches  in  the  area 
from  Cape  Douglas  to  Stuart  Island.  The  average  catch  (1965-1971)  in 
thousands  of  fish  are  listed  below: 


Pink 

38.50 

(00.2  -  086.90) 

Chum 

75.00 

(36.9  -  141.43) 

Coho 

04.50 

(02.0  -  006.90) 

King 

01.80 

(01.0  -  002.60) 

Sockeye 

<00.01 

(00.0  -  000.01) 

There  is  a  substantial 

subsistence  fishery  in 

the  Norton  Sound  area  (does  not 

include  Yukon  District) 

Average  subsistence 

catches  (1963-1971)  are  given 

below  in  thousands  of  fish. 


King 

Coho 

Pink 

Chum 


00.50  (00.01  -  001.00) 
02.70  00.10  -  004.80 
18.80  (09.20  -  036.90) 
19.70  (12.50-030.80) 


The  adult  run  timing  is  given  below.  The  timing  was  estimated  from  weekly 
catch  date  of  the  fishery. 


Total  Run 


Peak 


Pink  Salmon 
Chum  Salmon 
Coho  Salmon 
King  Salmon 


Mid-June  -  Early  July 
Late  May  -  Late  September 
Mid-July  -  Mid  September 
Late  May  -  Late  August 


Mid-June 
July-August 
Mid-August 
Late  June 


The  timing  of  juveniles  Is  not  known  but  they  probably  leave  freshwater  much 
later  than  the  Bristol  Bay  fish  due  to  cold  water  temperature  and  late  ice 
breakup.  The  pink  and  chum  salmon  fry  probably  remain  in  the  Norton  Sound 
area  through  August,  close  to  shore  in  estuarine  conditions,  for  early  feeding 
and  growth. 
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NOME  SALMONID  RESOURCES  (CONT'D.) 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  International  North  Pacific  Fisheries  Commission.  Statistical 
Yearbook  (for  years  stated). 

2.  State  of  Alaska,  Department  of  Fish  and  Game,  Arctic-Yukon- 
Kuskokwim  (A-Y-K)  Region  Subsistence  Fishery  Report.  Prepared  by  A-Y-K 
Staff,  1972. 

3.  U.  S.  Department  of  the  Interior,  BERING  SEA  WILDERNESS  STUDY  AREA, 
BERING  SEA  NATIONAL  WILDLIFE  REFUGE,  SECOND  JUDICIAL  DIVISION,  ALASKA 
wilderness  study  REPORT,  Fish  and  Wildlife  Service,  Bureau  of  Sport 
Fisheries  and  Wildlife,  1966. 
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FISH  IMPORTANT  AT  NOME 


Herring 
Coregonids 
Osmerids 
Pacific  Cod 
Saffron  Cod 
Cottids 
Flathead  Sole 
Bering  Flounder 
Yellowfin  Sole 
Longhead  Dab 
Arctic  Flounder 
Starry  Flounder 


ARCTIC  FLOUNDER 


nlar0TnLArktlC  f1°unde^  spawns  from  January  through  March.  Spawnino  take' 
placeonea?shore  under  the  ice  at  a  depth  of  5  to  10  m  and  at  temperatures 


SOURCES: 


1.  Best, 
Cormunication. 


E.  A.,  International  Pacific  Halibut  Commission,  Personal 


2. 

Fishes, " 


Musienko,  L.  N.,  "Reproduction  and  Development  of  Berinq  Sea 

SOVIET  FISHERIES  INVESTIGATION  IN  THE  NORTHEAST  PACIFIC  PART  V 

Oct/  0/4  Trw./tl  n _ _  r _  r~  ......  _  J  '4 


"  A.  Moiseev,  ed.,  Israel  Program  for  Scientific  Translations,  1970. 
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BIOLOGICAL  RESOURCES  OF  NOME  (CONT'D.) 


SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 


Israel 


1.  Andriashev,  A.  P., 
Program  for  Scientific 


FISHES  OF  THE  NORTHERN  SEAS  OF  THE  USSR 

Translations,  1954. 


Anm/  l\"-'.CO!tTRIBUTIONS  TO  THE  NATURAL  HISTORY 

Army  Signal  Service,  Arctic  Series  Publ .  2,  226  pp.,  1886. 


OF  ALASKA, 


NOME  VICINITY  MMftALS  AND  BIROS 


ORGANISM  GROUP 

_ ill 

Brown  Bear1,  2 


Polar  Bear 


1. 


2 


Polar  Fox 2 


HABITATS  OF  CONCERN 

_ ill _ 


GENERAL  COffENTS 

_ U1 _ 


Beaches  and  Few  population  data  available.  Sparse 

low  Tundra  abundance  with  minor  concentrations  where 

berries  or  salmon  available.  Reported 
harvest  2  to  5  since  1961. 


Pack  Ice  Very  few  In  Norton  Sound  •  minor 

occurrence  during  Winter  -  retreat  with 
Ice. 


Pack  Ice  and 
Beaches 


Wolf  and  ,  - 

Wolverine1  *  1 


Moose 


1.  2 


Muskox' 


Caribou1 


Bearded  Seal1 


Harbor  Seal1 


Ribbon  Seal1 


Walrus1 


Beaches  and 
Nearshore  Tundra 


Willow  Flats 


Beaches  and 
•earshore  Tundra 


Nearshore  Tundra 


Pack  Ice 
Open  Seas 


Pack  Ice 
Beaches 
Open  Seas 

Pack  Ice 
Open  Seas 


Pack  Ice 


Wolverine  population  low  but  increasing. 
Population  controlled  In  past.  Harvest 
4  to  31  since  1961-1962,  high  1966  to 
1968  period.  Wolf  population  low  due  to 
control  related  to  reindeer  herding. 

Kills  6  to  28  yearly  since  1962-1963, 
high  1967-1968. 

Common  on  Seward  Peninsula  only  since 
19^0's.  First  record  Cape  of  Wales  1948. 
Still  expanding  and  Increasing  -  Unit 
harvest  35  to  72  In  recent  years.  Habitat 
limited  to  willow  flats  along  streams. 

1970  -  36  Introduced  to  Feather  River 
near  Nome.  Currently  three  groups. 

One  near  Cape  Rodney  -  calf  crops  not 
encouraging  -  spill  could  result  In 
local  population  loss. 

Caribou  present  In  low  numbers.  Olfflcult 
to  separate  from  reindeer  (Interbreed). 
Entire  coastal  plain  Is  a  simmering  area. 

Major  Spring  and  wintering  areas  on  pack 
ice  of  Game  Units  18  and  22.  Migrate 
north  with  walrus  but  do  not  concentrate. 
Some  young  spend  Simmers  In  Bering  Sea. 

March  and  April  concentrate  along 
southern  margin  of  sea  Ice  where  they 
bear  young. 

Mainly  confined  to  Bering  Sea  year-round. 
Seldom  nearshore  -  few  migrate  north 
throunh  Bering  Strait  mainly  along  Ice 
edge  In  late  Winter  and  early  Spring. 
Remain  In  open  sea  during  Ice-free  period. 

Begin  north  migration  in  mid-April  with 
ice  breakup.  Reach  Bering  Strait  by  last 
week  of  May.  A  few  males  remain  In 
Berlnq  Sea  during  Sumner  and  occupy 
beaches  and  islands.  A  nimber  of  haulout 
areas  In  Unit  22.  Population  Increasing. 
Haulout  area  on  Sledge  Island. 
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NOME  V ECINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP  HABITATS  OF  CONCERN 

_ ID _  _ ID _ 

Ringed  Seal1  Inshore 

Fast  Ice 


Whales1 


Open  Seas 


Ducks 


1 


Open  Seas 
Beach  Tlats 
Estuaries 


Geese1 


Seabirds1 


Open  Seas 
Beach  flats 
Beaches 
Estuaries 

Inshore  Areas 
Beaches 


Shoreblrds 


2 


Beaches 
Tide  Flats 


2 

Upland  Game  Birds 
Raptors^ 


GENERAL  COWENTS 

_ 111 _ 

Mlqrates  with  ice.  Part  of  population 
remains  In  ice-free  areas.  Most  adults 
occupy  land-fast  ice.  Most  abundant  of 
Arctic  seals  and  of  greatest  importance 
to  natives.  Migrations  near  shore. 

Sixteen  species  In  waters  of  Bering  Sea. 
Primarily  In  open  waters  (list  of  species); 
follow  Ice  movements  sometimes  Into  pack. 

Sixty  ducks  per  square  mile  -  Unit  popu¬ 
lation  of  231  ,000  breeders  contributes 
production  of  416,000  young.  Greater 
scaup  and  pintails  most  common  species. 
Coastal  lagoons  contain  fine  stands  of 
eel  grass  important  to  wildlife. 

Few  enporer,  white-fronted  and  brant. 

Native  hunting  thought  to  have  decreased 
goose  population. 


Bird  colonly  on  Sledge  Island  - 
good  coement  on  concern  of  disturbance 
by  aircraft. 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  AIAFfAT  Ull!  l.iyE  A.'-D  HAHITAT , 
January  1973. 

?.  A.  W.  Erickson,  personal  communication. 
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CLIMATOLOGICAL  SlffWRY 
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SOURCE:  U.  S.  Department  of  Commerce  and  Coastal  and  Geodetic  survey, 
PACIFIC  AND  ARCTIC  COASTS  -  ALASKA,  CAPE  SPEJICKR  TO  BEAUFORT 
SEA,  Seventh  Edition  (October  3,  1974),  U.  S.  Coast  Pilot  Volume  9. 
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SOUND  -  SURFACE  WINDS 


0) 

H 

O  £ 

•P 

oi  a 

X 

Q.E 

W  X- 

P 

M 

Cl 

c 

*l 

0 

ID 

•P 

0 

P 

u. 

0 

0) 

•0 

P 

c 

•P 

<s 

a 

w  in  r*i 

m  m  m 

A 


ig 

U  P 

01 

•»  > 

U  01  w 

z  in  w 


T>  — 

01  £ 

01 

ci  a 

pH 

a  e 

•H 

W  x-" 

X 

P 

c 

n 

0 

01 

•p 

p 

p 

tn 

o 

10 

0 

a 

p 

•H 

a 

in  m  r»  m 

in  so  w  m 

A  A 


* 

(/) 


Z 


<0 

p 

o> 

> 

Cl 

in 


u 

z 


p 

01 


i 


3 

V) 


•o  — 

C  O  jCi 

3  8.^ 

X  W 


O' 

c  c 

•H  0 
•P  «P 
■P  P 
<0  t> 

>  o 
oi  p 

p 

a  a 


in 


* 

•» 

z 


z 

o 

•a  ~ 

t 

P  Cl  £ 

OS 

<a  oi  a 

o 

01  Q.E 

z 

X  W 

P 

o 

p 

O' 

c 

c  c 

•H 

p  o 

3 

<H  *P 

■P  P 

<0  o 

>  o 

CJ  P 

P  -P 

a.  a 

in 

O  ro  m  pH 


o 

m 

n 

pH 

pH 

H 

pH 

pH 

w 

w 

3 

3 

3 

in 

Z 

in 

•% 

3 

•w 

•% 

•% 

z 

6) 

in 

3 

3 

3 

z 

z 

M 

Z 

•% 

•  % 

•% 

•« 

3 

3 

3 

•  • 

H 

•  % 

w 

w 

in 

Z 

in 

in 

Z 

z 

z 

z 

H 

m 

rn 

VO 

H 

H 

pH 

pH 

1 


u 

z 

u 

u 

w  z 

z 

z 

z 

•  %  •« 

•  * 

u 

u 

»» 

•% 

N 

N 

z 

z 

z 

z 

z 

3 


a> 

* 

u 

4> 

4-» 

0J 

Q. 


* 

i 


u 

co 


u> 

ec 


a 

0) 

01 

p 

a 

c 

o 

«9 

<0 

0 

c 

p 

p 

pH 

u 

•P 

V 

c 

c 

P 

01 

p 

p 

3 

•p 

0) 

(0 

p 

10 

<0 

0 

0 

01 

£ 

u 

10 

p 

iH 

X 

a 

r-f 

U 

<0 

O’ 

pH 

in 

p 

u 

X 

•P 

01 

c 

pH 

0) 

0) 

V) 

</ 

3 

n 

X 

£ 

0 

0 

H 

p 

01 

p 

V 

ip 

P 

0 

X 

H 

p 

e 

•P 

V) 

>< 

(9 

• 

P 

> 

B 

01 

0 

0 

£ 

0 

0 

C 

p 

O 

<0 

10 

H 

a 

z 

3 

X 

X 

3 

in 

z 

in 

o 

X 

in 


i_> 

QC 

3 

O 

in 


D-189 


GEOGRAPHICAL  ANALYSIS  OF  OIL  SPILL  POTENTIAL  ASSOCIATED  WITH  ALASKAN  OIL  PRODUCTION 

AND  TRANSPORTATION  SYSTEMS ,  Pacific  Northwest  Laboratory,  Division  of  Memorial  Institute 
to  the  United  States  Coast  Guard,  February  1974,  Final  Report  No.  CG-D-79-74. 


PERCENTAGE  FREQUENCY  OF  WINO 
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SOURCE:  Nation*!  Cl laatlc  Center.  SSU C  (PART  C) 


CAPE  BLOSSOM  (KOTZEBUE):  INFORMATIONAL  RESOURCES 


§  Cape  Blossom  Salmonid  Resources 

•  Fish  Important  at  Cape  Blossom 

•  Biological  Resources  at  Cape  Blossom 

•  Cape  Blossom  Vicinity  Mammals  and  Birds 

•  Climatological  Summary  -  Kotzebue 

•  Surface  Winds  -  Kotzebue  Sound 

•  Surcace  Winds  -  Kotzebue 

•  Surface  Wind  Speed  -  Cape  Thompson  versus  Kotzebue 
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CAPE  BLOSSOM  SALMON ID  RESOURCES 


catch^1|95-?97ir^r72!M0?1Xf|lSSk  wdTtobT  -alm0n-  Th*  mean  actual 

producers  and  are  in  the  vicinitv  nf  Jho  an<?  *obVk  rivers  are  the  major 
would  be  in  this  area  throughou/the  sunnier1  th!*6- •  Sm?lts  and  Juveniles 
subsistence  fishery  in  the  two  rivers  tha*  L  ^bere  1S  a^so  a  substantial 
annually.  Approximately  10  -  30  000  shlSlXT8*8  2V  7°’°00  chums 
annually  They  are  anadromous  and  prS  in  K  Sht  f0?  sub^stence 

early  spring.  They  move  into  the  rf^fin  fh^  L?  "  Inlet  area  in  the 

tne  rivers  in  the  late  summer  to  spawn. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson.  Consultant  to  MSNW. 

Yea rbook  ( for ^the^years^  s ta ted) ^ac  1  f ic  Fisheries  Commission.  Statistical 

™/V5-J^^Stp^Llla3Si;  SomT?"1  °f  LdW>  C0MMENTS  ON  THE  PROPOSED 
ADF&G.  Region°in,°UFairbanks?^  STATUS  REPORT,  NORTHERN  REGION,  YUKON  AREA, 
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FISH  IMPORTANT  AT  CAPE  BLOSSOM 


Marine  Fish  species  are  thought  to  be  about  the  same  as  at  Nome. 

Cape  Thompson  investigators  (study  primarily  of  Chukchi  Sea  northwest  of 
Kotzebue  report  the  following : 


LIST  OF  MARINE  AND  FRESHWATER  FISHES  TAKEN 
DURING  CHUKCHI  SEA  INVESTIGATION 


MARINE  FISHES 


Clupea  harengue  pallaei 
D>ickorkynchue  gorbuscha 
O.corkyncku8  keta 
Salvelinue  alpir.us 
Salvelinue  nalma 
Cenerua  dentex 
Malic tu8  vi II08U8 
Eleginue  gracilis 
horegad.ua  eaida 
Atkeresthes  etomias 
HippogloB8oideB  rebus tue 
Linanda  aspera 

Pleuronectee  quadritulerculatue 
Licpaetta  glacialie 
Platicktye  stellatue 
Hexagrcrr.os  etelleri 
Herr.ilepidctua  sp. 

Iceliua  a.  spatula 
Triglopa  pinged 
Artediellue  scaler  beringianus 
Megaloccttue  platycephalus 
Mycxocephalue  scorpius 


Myoxocephalue  sp. 
btyoxocepkalue  jaok 
Myoxocephalue  etelleri 
Myoxncephalus  quadricomis 
Sficroaottue  eellarie 
GynKocantkus  tricuspis  oriental 
Enophrie  lucasi 
Nautichthye  pribilovius 
Aepidophoroidee  olriki 
Podotheate  acipenserinus 
Liparis  kerschelinus 
liparis  sp. 

Amcdytee  hexapt  erus 
Stichceue  punctatus 
Funesogranrrue  praecisus 
Lurrper.ue  fabricii 
lirpenus  nediw.e 
Lyocedee  palearis  acticus 
lyocedes  raridens 
lycodes  sp. 

Gyrmelie  viridis 


FRESHWATER  FISHES 


Salvelinue  nalma 
Salvelinue  alpinus 
Ccregonue  autismalis 
Ccregonus  sardinella 
Coregonus  laveratue  pidschian 


Shynallue  arcticus 
Cottus  cognatus 
Gasterosteue  aculeatue 
Pungitius  pungitius 
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FISH  IMPORTANT  AT  CAPE  BLOSSOM  (CONT'D.) 


Numerical ly^th^ten^dominant  0f  the  diffe™"t  species, 

of  the  Chukchi  Sea  are  rms  w1thln  tbe  area  of  our  exploration 


Boreoaadus  saida 
Clupea  harengue  vallaei 
Gymoacmthue  trieuspic 
ArtedzeZZus  scaber 
MaZZctus  villosua 


Hippcg lossoides  robustus 
Oemerux  dentex 
‘tyoxocepho.  Zus  soorpius 
Triglops  pingeZi 
Eleginus  graoiZis 


marine^forms  °£e°ccurrence  within  the  station  pattern,  the  ten  dominant 


Bcreogadus  saida 
Gymoaanthus  trieuspis 
BippogZossoides  robustus 
'■'yoxocephaZus  soorpius 
Trig Z ops  pingeli 


Podotheaus  aaipenserinus 
Bun.per.-us  fabriaii 
ArtedieZZus  saaber 
Osmerus  dentex 
Lyoodes  sp. 


^verson  TherthoSghtHthirspawm’^^I^not6^ ’  reported  p™ter  and 
and  the  larvae  drifted  in  with  the  current  1  CCUr  n°rth  °f  Berin9  Strait 


SOURCES: 

Communication,  1974. A  ’  Internatlona1  Pacific  Halibut  Co/rmission,  Personal 

Am  aR0"H 
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BIOLOGICAL  RESOURCES  OF  CAPE  BLOSSOM 
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BIOLOGICAL  RESOURCES  OF  CAPE  BLOSSOM  (CONT‘0.) 
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BIOLOGICAL  RESOURCES  OF  CAPE  BLOSSOM  (CONT'D.) 


SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 
to  MSNW. 

1.  Wilimovsky,  Norman  J.  (Editor)  and  John  N.  Wolfe  (Associate  editor), 
ENVIRONMENT  OF  THE  CAPE  THOMPSON  REGION ,  ALASKA,  Atomic  Energy  Conmission, 
Report  PNE-481,  1966. 
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CAPE  BLOSSOM  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 

--  in _ 

Brown  Bear1 *  2 
Polar  Bair1,  2 

Polar  Pox2 

Wolves  and  , 
Wolverines 

Caribou1 

Moose1 

1 

Ringed  Seals 

Harbor  Seals2 

Bearded  Seal s2 
Ribbon  Seals2 

2 

Northern  Fur  Sells 
Walrus2 

Whales2 

Ducks1,  2 


HABITATS  OF  CONCERN 

12) 

GENERAL  COMMENTS 
(3) 

Beaches 

Grass  Flats 

Sparse  to  medium  population.  No  precise 
estimates.  Important  native  food  (tea. 
Concentrations  on  streams. 

Pack  Ice 

Few  polar  bear  enter  Sound.  Heavy  Ice 
years  may  result  In  greater  population* 
occurrences. 

Pack  Ice 

Beaches 

Low  populations  believed  to  occur  In  the 
area,  although  little  known. 

8eaches 

Wolves  -  modest  population  dependent  on 
caribou.  Number  of  kills  71  to  177  since 

1 9tl  to  1962,  higher  1967  to  1968. 
Wolverines  modest  population;  kills  2  to 

51  since  1961  to  1962,  higher  1963  to  1964. 

Nearshore 

Tundra  Areas 

Part  of  large  Arctic  herd  of  over  240,000. 

Willow  Flats 

Population  expanding  Into  the  area. 
Important  local  source  of  food.  Harvests 
estimated  at  100  to  150  per  year. 

Pick  Ice 

Moderate  populations  coincide  with 
presence  of  pack  Ice.  Some  animals  re¬ 
main  In  area  during  ice-free  period. 

Pack  Ice 

Moderate  populations  Inshore  areas  during 
Ice-free  period.  Major  population  com¬ 
ponent  present  along  edge  at  all  seasons. 

Pack  Ice 

Sparse  abundance  In  arr-.  Ju.  ing  pack  Ice 
period. 

Pack  Ice 

Year-lonq  residents  of  Bering  Sea. 

Pelagic  durfna  Simmer  and  along  pack 
edge  during  Winter. 

Pack  Ice 

Transient  occurrence  during  Ice-free  period 

Pack  Ice 

Open  Seas 

For  the  most  part  the  walruses  migrating 
through  Bering  Sea  pass  to  the  west  of 

Cape  Blossom.  Possible  occurrences  in 
the  vicinity  with  favorable  Ice  conditions. 

Open  Seas 

Possible  occurrences  of  several  species 
during  the  Ice-free  period  --  mainly 
hetuga  and  killer  whales.  Less  frequently 
bowhead  whales. 

Beaches 

Estuaries 

One  of  the  most  productive  waterfowl  units 
in  State.  Average  44  breed inq  ducks  per 
souare  mile,  i  average  production  by  the 
224,000  breeding  ducks,  187,000  young. 
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CAPE  BLOSSOM  VICINITY  MAMMALS  AND  BIROS 


ORGANISM  GROUP  HABITATS  OF  CONCERN 

0)  (2) 


GENERAL  COMMENTS 
(3) 


Geese1 

Shoreblrds* 

Seabirds^ 


Seiches  Concentrations  of  Canada  and  white* 

Marshes  fronted  geese. 

Beaches  Major  breeding  populations  of 

Tldeflats  shoreblrds  likely.  Also  large  numbers, 

of  migrants. 

inshore  Areas  A  manber  of  seabird  colonies  at  the 

base  of  the  Sound.  Significant  popu¬ 
lation  of  kittiwakes,  murres,  gulls, 
and  puffins  In  the  area. 


SOURCES: 

1.  Alaska  Department  of  rish  and  Gare,  ALASKA  'S  WILUIFF  4.V3  HABITAT. 
January  1973. 


2.  A.  W.  Erickson,  personal  conwunlcatlon. 
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CLIMATOLOGICAL  SUMMARY 


SOURCE:  U.  S.  Department  of  Commerce  and  Coastal  and  Geodetic  survey, 

PACIFIC  AND  ARCTIC  COASTS  -  ALASKA,  CAPE  SPENCER  TO  BEAUFORT  SEA, 

Seventh  Edition  (October  3,  1974),  U.  S.  Coast  Pilot  Volume  9. 
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KOTZEBUE  SOUND  -  SURFACE  WINDS 
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D-202 


SOURCE:  National  CllMtlc  Canter.  SSW  (TAUT  C). 


MONTH 


COMPARISON  OF  IttO  MEAN  MONTHLY  WIND  SPEED  (IN  KNOTS) 
BETWEEN  KOTZESUE  AND  CAPE  THOMPSON.  OOOTOSUK  CREEK 
(AFTER  ALLEN  ANO  WEEOFALL.  1SSS). 


SOURCE:  Alaska  Planning  Group.  ENVIRONMENTAL  STATEMENT -PROVOSEl  CAFE 
KRI'SENSTERN  NATIONAL  MONUMENT,  ALASKA,  National  Park  Service. 

U.  S.  Department  of  the  Interior,  DES  73  87,  December  1973,  Draft. 
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OFFSHORE  PRUOHOE:  INFORMATIONAL  RESOURCES 


•  Offshore  Prudhoe,  Inshore  Prudhoe,  Inshore  Uniat 
(Colville  Delta)  Salmonid  Resources 

•  Fish  Important  at  Prudhoe  Bay 

•  Biological  Resources  at  Offshore  Prudhoe  Vicinity 

•  Offshore  Prudhoe  Vicinity  Maimals  and  Birds 

•  Climatological  Summaries  for  Barrow  and  Barter  Island 

•  Surface  Winds  -  North  Slope 

•  Surface  Winds  -  Barter  Island 
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OFFSHORE  PRUDHOE,  INSHORE  PRUDHOE 
INSHORE  UMIAT  (COLVILLE  DELTA)  SALMONID  RESOURCES 


There  is  no  commercial  fishery  on  salmonlds  In  the  Beaufort  Sea.  The 
importance  of  salmon  for  subsistence  of  the  local  Inhabitants  Is  also 
limited.  Sport  fishing  Is  only  potential  at  this  time.  Chum  and  pink 
salmon  are  present  In  the  river  systems  but  their  abundances  are  unknown 
(to  to).  They  spawn  in  the  all  and  migrate  out,  probably  in  June  when 
the  ice  is  free.  Rainbow  smelt  are  also  anadromous  and  spawn  In  the 
rivers.  Other  salmonlds  In  the  area  are  Arctic  char,  sheeflsh,  whltefish 
f three  species),  rlsco  (three  species),  grayling  and  lake  trout.  All  are 
fall  spawners  except  the  grayling  which  Is  a  Spring  spawner.  Some  of  the 
Arctic  char  Winter  In  the  estuaries  of  river  deltas  but  are  not  actually 
anadromous. 


*  Note:  Perhaps  since  there  are  no  significant  fisheries  In  the  area 
some  score  should  be  given  for  general  productivity.  It  should  be  low. 


SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW. 

1.  State  of  Alaska,  Department  of  Law,  COMMENTS  ON  THE  proposed 
TRANS-ALASKA  PIPELINE,  July  30,  1971. 

2.  State  of  Alaska,  Department  of  Fish  and  Game,  Arctic-Yukon- 
Kuskokwim  (A-Y-K)  Region  Subsistence  Fishery  Report,  Manuscript  prepared  by 
A-Y-K  Staff,  1972. 

3.  The  Arctic  Institute  of  North  America,  THE  ALASKAN  ARCTIC  COAST  - 
A  BACKGROUND  STUDY  OF  AVAILABLE  KNOWLEDGE,  Contract  No.  DACW85-74-C-0029 
June,  1974. 
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FISH  important  at  prudhoe  bay 

Herring 
Corogonids 
Sandlance 
Osmerids  (Smelt) 

Navaga  (Cod) 

Saffron  Cod 
Cottlds  (Soul pins) 
Liparids  (Lumpfish) 

Artie  Flounder 
Starry  Flounder 


g^PFLIN  (Motion 

until  Winter  cooling  sets  in  ®d  larvae  are  Pelagic  near  surface 

food  i tems^y^eight :  'but  Speeds  Pr°porti°"  of 


SOURCES: 

Corawnication”'  E'  A"  ,nterna"'°nal  Pacific  Halibut  Comnission,  Personal 
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BIOtOGICAL  RESOURCES  OF  OFFSHORE  PRUOHOE  VICINITY  (CONT'D.) 
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biological  resources  of  offshore  prudhoe  BAY  VICINITY  (CONT'D.) 


BIOCOGICAL  RESOURCES  OF  OFFSHORE  PRUDHOE  BAY  VICINITY  (CONT'Q.) 
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BIOLOGICAL  RESOURCES  OF  OFFSHORE  PRUDHOE  BAY  VICINITY  (CONT'D.) 
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BIOLOGICAL  RESOURCES  OF  OFFSHORE  PRUDHOE  VICINITY  (CONT'D.) 


SOURCES:  Tabulated  evaluations  were  made  by  Charles  A.  Simenstad,  Consultant 

Canada  L  SfJSI!*  ££",5?  °f  ^th-estern 

P05si5rr??^c  rameS  f  *  "“'T0**  Ail©  G45;  PROBLEMS 

Cong^ff  SS  No "?Sl i2?acFranC?1S!.D  Stu^es  Nordiques,  Fifth  International 
S92  though  5?  1973.  The  AlaSkan  ArCt1C  Mari"e  Ma"*"al*  *"d  Fisheries, 

sihoria?”  Walters,  V.,  "Fishes  of  Western  Arctic  America  and  Eastern  Arctic 
255-294!  1955°n°my  *"*  Zo°9eograPhy*"  AM ■  MUS-  NAT.  HIST.  BULL.,  Vol .  106: 

OF  THE  MCTEic9lilm  ^f5  ?"  Arctic  0cean  Plankton,"  proceedings 

ut  iHb  ARCTIC  basin  symposium,  Arctic  Institute  of  North  America,  1963. 

iiwwot. 'lMi00p,ankt0n  Standi"9  Crop  in  the  flrc,ic  Bas,n-” 

_  Johnson,  M.  W.,  "Arctic  Ocean  Plankton,"  proceedings  of  thf  AFTrr 

BASIN  SYMPOSIUM,  Arctic  Institute  of  North  America,  1963 

F7?CW  JUNE  ToZXU'  DISTRIBUTION  OF  COPEPODS  IN  THE  ARCTIC  OCEAN 

9: 161-168,*  196 1964‘  Records  of  Oceanographic  Works  in  Japan, 

DD/lmt,„  1°'  MacGinitie,  G.  E.,  DISTRIBUTION  AND  ECOLOGY  OF  THE  MARINE  TNVFRTF 

Z  uB.Z.’Z  mfU‘  AUSU ■  Sl”(ths°"1a"  Miscellaneous  CoflSsf 
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offshore  pruohoe  vicinity  mammals  and  biros 


ORGANISM  GROUPS 
(1) 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Brown  Bear' 

Beaches  and 
Estuaries 

Sparse  abundance.  Possible  food  Impact. 
Cleanup  •  possible  nuisance  conflict. 

Polar  Bear1 

Pack  Ice 

Beaches 

Mainly  associates  of  pack  edge.  Must 
give  attention  to  garbage  to  avoid 
attracting  animal . 

Polar  Foxes1 

Pack  Ice  and 

Beaches 

Possible  food  impact,  also  disturbance 
of  den  areas. 

Wolves1 

Beach 

Minor  food  Impact.  Possible  onshore 
cleanup  disturbance  of  dens. 

Moose1 

Willow  -  Riparian 

Possible  disturbance  In  Winter  in  feeding 
areas.  Spring  calving  areas. 

Caribou1 

Shore  and  Tundra 

Possible  minor  food  Impact.  Cleanup 
disruption. 

Small  Mammals1 

Shore  and  Tundra 

Possible  food  and  cover  Impact. 

Whales1 

Sea 

Number  of  species,  particularly  bowhead 
and  beluga  whales.  (See  AOF  and  G,  Rage 
174.) 

Bearded  Seal1 

Pack  Ice 

Moves  with  pack  Ice;  non-concentrated 
population. 

Ringed  Seal1,  2 

Pack  Ice 

Common  in  coastal  area.  Winter  and  Spring 
migrant. 

Ribbon  Seal2 

Pack  Ice  Edge 

Minor  occurrence  only. 

Harbor  Seal2 

Pack  Ice  and 

Open  Beaches 

Heavy  utilization  of  shore  areas  and  edge 
of  pack  Ice. 

Walrus1 

Pack  Ice 

Open  Water 

Migrates  with  Ice,  Summer  occurrences  only. 

Oucks1 

8eaches,  Sea 
Estuaries 

Mainly  sea  and  diving  ducks.  Nesting 
population  16  per  square  mile.  Heavy 

Arctic  migration  route  through  unit. 
September  duck  migration  of  800,000  ducks  - 
largely  eiders  and  old  squaws.  Count  of 
1S4.000  old  squaws  migrating  past  Barrows 
August  31  to  September  7.  ADF  and  G, 

Page  1?S. 

Geese1 

Beaches 

Estuaries 

700, 0C0  whltp  front  produced  In  Unit. 

Rrant  migrate  in  September.  No  fin* 
estimates  available. 

Swans1 

Deltas  and 

Estuaries 

Unit  population  estimated  at  10,000, 
mainly  whistling  swans. 

Seabirds1 

Sea  Edge 

Beaches 

Estuaries 

Two-thirds  of  bird  fauna  Involving  ducks, 
geese,  swans  from  Car  d  an  Arctic  islands 
migrate  through  area.  Seabird  production 
below  relative  to  more  southern  sites. 

Shoreblrds1 

Reaches 

Estuaries 

deltas 

Main  Impart  on  food  resources  of  group. 
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OFFSHORE  PRUDHOE  VICINITY  MANUALS  AND  BIROS 


ORGANISM  GROUP  HABITATS  OF  CONCERN 

_ m _  m 

Upland  Game  B 1  rd s ^ 

Raptor*' 


GENERAL  CONSENTS 

.  _ Li) _ 

No  significant  Impact  expected. 

Predator  species  food  supplies  possibly 
affected.  Snowy  owls,  peregrine  falcon 
(endangered),  others  minimally  affected. 


SOURCES: 

1 .  Alaska  Department  of  Fish  and  Game.  AlJtSKA  *5  UllTLIH:  A'lV  HABITAT, 
January  1973. 


2.  A.  W.  Erickson,  personal  communication. 


Air  temperature 
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NORTH  SLOPE  -  SURFACE  WINDS 


0 

T>  ~ 

0)  £ 

■H 

o  a 

z 

a  a 

CO 

4 J 

m 

0 

c 

4J 

0 

u. 

•H 

ri 

V 

u. 

u 

0) 

•o 

u 

c 

■H 

PM 

a 

v  — 

CJ  £ 

0 

c  a 

a  IT 

z 

4J 

r* 

U1 

0 

0) 

•H 

4J 

.1 

V) 

u 

1C 

SJ 

tu 

u 

•H 

a 

co 

r~ 


X 


oo 


X 

to 


m 

in 


X 


p*  oo 
in 
v 


X  X 


in  <r\ 

m  in 


M 

Z  U 


m  eo 

VO  VO 

A 


U 


o  r 

ail 


cr 

c  c 
.«  o 

<5  t) 

>  W 
O  u 

U  -H 

a  c 


I'M 


u  u 
u  z  u  z  u 


w  x 

H  Z  CO 


u 

Z  CO 


t-l 

V 

4J 

c 

■r4 

X 


•C  —I 
C  O  JC 
flow 
a<  a  Ei 
3E  to  — 


O' 

c  c 
■-*  0 
H 

•r<  V 

<3  U 
>  ft> 
0  u 
u 

a.  a 


»  00 


x  w  s 


u 

u  z  u 


VO 


u  u 

w  co  z  co 


4J 

« 

c 

43 

>. 

& 

0 

O' 

e 

« 

0 

■H 

W  *0 

■«4 

J 

c 

X 

4J 

* 

U 

C 

0  C 

*> 

5 

X 

*J 

4J  3 

<0 

u 

G 

c 

«  40 

G 

co 

•H 

•H 

•H 

ft.  W 

•H 

<q  n 

i 

« 

« 

0 

* -*4 

0 

03  m 

5 

A 

X 

£ 

O  J 

a 

D-218 


SOURCE:  Swift,  W.  H.-,  *.  E.  Brown,  i.  V.  Klnnel,  M.  M.  Orgel ,  P.  L.  Petersen,  H.  W.  Waddell, 
GEOGRAPHICAL  ANALYSIS  OP  OIL  SPILL  POTENTIAL  ASSOCIATED  WITH  ALASKAN  OIL  PRODUCTION 
AND  TRANSPORTATION  SYSTEMS ,  Pacific  Northwest  Laboratory,  Division  of  Memorial  Institute 
to  the  United  States  Coast  Guard,  February  1974,  Final  Report  No.  CG-D-79-74. 


ONSHORE  PRUDHOE:  INFORMATIONAL  RESOURCES 


See  Offshore  Prudhoe  Section  for  information  on  salmonids,  marine 
fish,  invertebrates  and  marine  vegetation  involved  at  this  location  when 
the  oil  spills  into  the  Sagavanirktok  and  reaches  the  sea. 


•  Onshore  Prudhoe  Vicinity  Mairmals  and  Birds 
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GISHOftC  PRUOHOC  VICI.tlTT  NAKALS  AT3  BIRDS 


oncAKiyt  group 
(i) 

HABITATS  Of  CCrtCERfl 
(2) 

GEf&PAL  COHORTS 
(3) 

Brown  Bear1 

Straws 

Grass  Flats 

Possible  Food  resource  disruption  - 
fish  art  grass.  Cleanup  conflict  a 
possible  problaa. 

Polar  Bear1 

•aachas  and  Saa 

Possible  spread  to  sot. 

Polar  Foms1 

Pack  let  and 

Bate  has 

Possible  disruption  of  food  and 
denning  activity  In  Spring. 

Halves1 

Gtnaral 

Possible  food  base  disruption. 

Roost1 

Strata* ,  Alvars, 
Riparian  Vegatatioa 

Possible  food  disruption;  disturbance 
of  calving  areas. 

Caribou1 

Low  Tundra 

Migration  disturbance;  food  base  loss. 

SmI  1  Hawaii1 

Tundra 

Possible  food  and  cover  loss.  Iaportant 
as  a  food  source  for  predators. 

Ducks1 

Po  Units 

• 

Sixteen  breeders  per  square  alio. 
Possible  daaagad  habitat  -  slow 
recovery.  Migration  area. 

6mm* 

Potholos 

Possible  breeding  and  brooding 
loss.  Mainly  white  fronts  (200, ia.. 
produced  In  Unit),  brant;  algration 
area.  Recovering  snow  goose  stocks. 

Swans1 

Potholes 

Heavy  use  of  deltas  by  Hhlstllng  swans. 

Shoreblrd*1 

Tundra 

Pothole  Cdfts 

Possible  breeding  losses  and  lapt'zt  on 
feeds. 

Seabirds1 

Upland  Gaae  Birds1 
Raptors1 

SOyaC£S:  I.  Alaska  Cepar  taunt  of  Fish  Mi  Oaat,  AUSfA ' S  VTLDLire  4*0  KJBZTAT 

Jiryjry  If/).  * 
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UMIAT :  INFORMATIONAL  RESOURCES 


See  Offshore  Prudhoe  Section  for  Infonutlon  on  salmonlds,  marine 
fish.  Invertebrates,  and  marine  vegetation  Involved  at  this  location  when  the 
oil  spills  Into  the  Colville  River  and  reaches  the  sea. 


e  Umlat  Vicinity  Mammals  and  Birds 

e  Surface  Winds  -  Umlat 
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UMIAT  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 
(1) 

HABITATS  OF  CONCERN 
(2) 

1  2 

Brown  Bear  * 

River  Valleys 
and  Tundra 

Polar  Bear1,  2 

Beaches 

Ice  Edge 

Wolves1  •  2 

Tundra  and 

Rivers 

Wolverine1,  2 

River  Valleys 

Caribou1 *  2 

Tundra 

River  Valleys 

Moose1 ’  2 

Rivers 

Willow  Flats 
Riparian  Vegetation 

Muskox1 *  2 

Tundra 

Walrus1 

Pack  Ice 

Open  Seas 

Ringed  Seal1 

Pack  Ice 

Coastal  Seas 

Harbor  Seal1 

Pack  Edge 

Coastal  Seas 

2 

Northern  Fur  Seal 

Pelagic 

Bearded  Seal1 

Pack  Ice 

GENERAL  COftiENTS 

_ m _ 

Densities  established  at  one  per  IOO  square 
miles;  kills  since  1961  -  6  to  23,  most  by 
sport  hunters. 

Only  occasionally  present  -  may  use  beaches 
and  nearshore  tundras.  Rare  denning  records 
ashore  -  population  stable. 

Population  rising  following  Intense  control 
In  the  1960‘s.  Takes  have  ranged  from  45 
to  162  since  1961.  Vulnerable  In  open 
habitats,  '-'rotected  from  aerial  hunting. 
Wide  fluctuations  In  numbers  due  to  food 
variances. 

Distribution  as  during  aboriginal  times. 
Actively  hunted  and  trapped.  Moderate 
population. 

Formerly  abundant  In  Colville  River  area  - 
declined  and  currently  in  recovery  phase. 
Important  calving  area  at  head  of  Colville. 
Return  to  calving  area  In  March.  Some 
wintering  In  coast  areas.  Pipeline  crosses 
eastern  portion  of  range.  Concern  for  free 
herd  movement.  Local  restriction  on  herd 
believed  already  occurring.  Estimate 
250,000  to  300,000  In  Unit.  Coast  ranges 
Important  Sumner  areas. 

Occur  throughout  area.  Recent  spread  to 
area  and  population  Increasing.  Colville 
River  prime  area  of  whole  unit.  Harvest 
50  to  100  annually. 

Reintroduced  herd  established  and  believed 
spreading.  Eventual  likelihood  in  site 
area  In  the  future. 

Migrants  reach  Barrows  by  early  August  - 
reverse  migration  in  October.  Most  to 
west  of  site  -  but  high  populations  east. 

Migrate  with  Ice  edge  until  It  leaves  coast. 
Mainly  associated  with  narrow  fringes  of 
land-fast  ice  and  along  pack  Ice  edge. 
Reverse  migration  In  October 

Disperse  along  coast  as  seas  open. 


Incidental  occurrences  only. 

Mainly  associated  with  pack  Ice; 
Summer  distributed  along  park  edge. 


UHIAT  VICINITY  MAMMALS  AND  BIROS 


ORGANISM  GROUP 
(1) 

HABITATS  OF  CONCERN 
(2) 

GENERAL  COMMENTS 
(3) 

Whales1 

Open  Seas 

Sixteen  species  In  offshore  waters. 

Ducks 

Nearshore  Seas 
Rivers 

Del  ta 

Potholes 

Average  breeding  density  of  16  per  square 
mile.  Two-thirds  of  Arctic  waterfowl 
migrate  through  area.  An  estimated 

800,000  waterfowl  pass  Barrow  In  September. 
Area  Important  breeding  area. 

Geese1 

Nearshore  Seas 
Rivers 

Delta 

Potholes 

Important  breeding,  nesting  and 
migration  area.  Snows,  brant,  white 
fronts  (175,000  to  200,000  white  fronts 
migrate  through  area). 

Stans1 

Nearshore  Seas 
Rivers 

Delta 

Potholes 

Migration  of  10,000  whistlers  through  area. 
Also  breeders  -  concentrations  In  Colville. 

Seabirds1,  * 

Oeltas 

Nearshore  Seas 

Important  migration  area.  Some  breeders. 

Shoreblrds1,  * 

Deltas 

Beaches 

Important  migration  area.  Some  breeders. 

2 

Upland  Game  Birds 

River  Valleys 

Ptarmigan. 

2 

Non-Game  Birds 

Deltas 

2 

Aquatic  Furbearers* 

Rivers 

Fair  population  likely  In  lower  delta. 
Vulnerable  to  spills. 

Small  Terrestrial 
Manmals2 

River  Valleys 

Tundra 

Low  population  expected. 

SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA'S  WILDLIFE  and  HABITAT, 
January  1973. 


2.  A.  H.  Erickson,  personal  communication. 
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PERCENTAGE  FREQUENCY  OF  WIND  SURFACE  WIND  $ 

DIRECTION  AND  SPEED 


SOURCE:  National  Climatic  Center,  SSW  (PART  C). 


YUKON  RIVER  CROSSING:  INFORMATIONAL  RESOURCES 

•  Yukon  River  Crossing  -  Denali  Fault  Crossing  Salmonid  Resources 

•  Yukon  River  Crossing  Vicinity  Mammals  and  Birds 
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YUKON  RIVER  CROSSING  -  DENALI  FAULT  CROSSING  SALMONID  RESOURCES 


Chum  salmon  are  the  most  abundant,  fol lowed  by  king,  coho,  and  insignificant 
numbers  of  pink  and  sockeye.  Most  of  the  commercial  and  subsistence  fishery 
occurs  in  the  river.  The  runs  occur  June  through  August  with  the  kings  showing 
early  ( June- Ju  1  y )  and  the  chums  and  coho  late  (July-August).  There  are  some 
surmier  run  chums  (June-July),  most  of  the  fishermen  are  local  residents  so  the 
fishery  is  important  to  the  local  economy.  The  estimated  value  of  the  king 
salmon  run  to  commercial  and  subsistence  fishermen  is  $1  million  to  $1.5 
million  annually.  The  commercial  value  for  coho  is  approximately  $20,000. 

The  commercial  value  of  the  chum  catches  has  been  approximately  $250,000 
but  the  potential  value  with  increased  harvest  is  approximately  $1  million. 
Chum  subsisteice  catches  have  an  estimated  value  of  approximately  $300,000. 

There  is  extensive  sport  fishing  in  the  Yukon  drainage  for  grayling  and  arctic 
char.  The  Chena  river  alone  accounts  for  25,000  man  days  annually. 

Mean  commercial  catches  for  the  Alaskan  Yukon  are  listed  below  (1965-1973) 


CATCH  IN 

THOUSANDS- 

RANGE 

Chum 

205.1 

(23.2  -  517.9) 

Coho 

16.0 

(00.7  -  036.6) 

King 

99.5 

(79.3  -  118.0) 

Mean  commercial  catches  for  Yukon  Territory  (1965-1973  in  thousands) 

Chum  2.3  (00.4  -  003.3) 

King  2.2  (01.6  -  003.2) 

Mean  subsistence  catches  for  Alaskan  Yukon  (1965-1973  in  thousands) 

King  16.1  (11.6  -  022.5) 

Other  Salmon 

(Mostly  Chum)  227.0  (133.1  -  448.9) 

Mean  subsistence  catch  for  Yukon  Territory  (1965-1973  in  thousands) 


King 

2.4 

(01.0  -  003.0) 

Other 

(Mostly  Chum) 

10.4 

(01.2  -  014.0) 
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YUKON  RIVER  CROSSING  -  DENALI  FAULT  CROSSING  SALMONID  RESOURCES  (CONT’D.) 

SOURCES:  Compilation  by  Larry  G.  Gilbertson,  Consultant  to  MSNW 

1.  International  North  Pacific  Fisheries  Conmission.  Statistical 
Yearbook  (for  the  years  stated). 

2.  State  of  Alaska,  Department  of  Fish  and  Game,  Arctic-Yukon-Kuskokwin 
(A-Y-K)  Region  Subsistence  Fishery  Report,  Manuscript  prepared  by  A-Y-K 
Staff,  1972. 

3.  Anonymous,  FISHERY  STATUS  REPORT,  NORTHERN  REGION,  YUKON  AREA, 

ADF  and  G,  Region  III,  Fairbanks. 
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YUKON  RIVER  CROSSING  VICINITY  MAMMALS  AND  BIRDS 


ORGANISM  GROUP 

HABITATS  OF  CONCERN 

GENERAL  COMMENTS 

1  2 

Brown  Bear  * 

River  and 

Stream  Edges 

Deltas 

Population  low  to  moderate.  Main 
concern  Is  damage  to  salmon  as  food 
for  bears. 

Black  Bear1 *  2 

River  Valleys 

Ledge  Meadows 

Distribution  roughly  corresponds  with 
timber  distribution. 

Wolves  and  .  , 
Wolverines  *  c 

River  Valleys 

Wolf  harvest  Unit  20  -  90  to  336, 

Unit  25  -  25  to  145  per  year.  Popu¬ 
lations  highly  variable  with  time. 
Important  species  for  fur,  sport, 
ecologically.  Wolverine  same  importance. 

Moose1 

River  Valleys 

Oeltas 

Riparian  Willow  Stands 
and  Meadows 

Yukon  Flats  •  6,000  In  1962.  Unit  25 
harvest  700  to  800  annually;  496  har¬ 
vested  In  Unit  20  along  Yukon  In  1971. 
Unit  19  harvest  500  to  700  annually. 
High  population  generally  at  other 
sites.  Important  subsistence  and  sport 
animal.  Heavy  wintering  along  Yukon 
River. 

Caribou1 

Low  Tundra 

River  Migration  Sites 

Important  porcupine  herd  to  east.  Forty 
mile  herd  borders  south  edge  of  Yukon 
and  variously  migrates  back  and  forth 
across  the  Yukon  River.  Herd  estimated 
at  15,000;  kill  In  1971  estimated  at 
2,500.  McKinley  herd  to  the  west 
estimated  at  10,000. 

2 

A(,jat1c  Furbearers 

Rivers 

Shore  Edges 

Beaver,  otter,  mink  In  vicinity. 

All  subject  to  spill  damage. 

Ducks1 

River  Deltas 

Lowland  Meadows 

Yukon  Flats  100  ducks  per  square  mile. 

X  67  ducks  per  square  mile  In  Units  19 
and  20.  Annual  production  600,000  to 
1-1/4  million.  Area  one  of  most  pro¬ 
ductive  In  State.  Possible  downstream 
spill  Impact. 

2 

Geese 

River  Deltas 

Lowland  Meadows 

Fair  populations  of  Canada  and  white 
front  geese. 

Shoreblrds1,  2 

River  Edges  and  Bars 
Lowlands 

Little  brown  crane  nests  throughout 
the  Unit. 

2 

Upland  Game  Birds 

Riparian  Vegetation 

Ptarmigan  population  subject  to  damage 
In  riparian  zone. 

2 

Non-Game  Birds 

Riparian  Vegetation 
Lowlands 

7 

Other  Small  Mammals 

Riparian  Vegetation 
Lowland  Areas 

Primarily  Important  as  food  organisms, 
ecological  species. 

7 

Raptors 

Possible  food  organism  Impact. 

SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ALASKA'S  WILDLIFE  AND  habitat, 
January  1973. 

2.  A.  W.  Erickson,  personal  communication. 
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DENALI  FAULT:  INFORMATIONAL  RESOURCES 

See  Yukon  River  Crossing  section  for  information  for  this  location  on 
salmonlds . 

•  Denali  Fault  Vicinity  Mammals  and  Birds 
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DENALI  FAULT  VICINITY  MAMMALS  AND  BIROS 


ORGANISM  GROUP 

_ ID _ 

Brown  Bear1 


2 

Black  Bear 
Moose1,  2 


HABITATS  OF  CONCERN 

_ ill _ 


GENERAL  CONSENTS 

(3) 


Fish  Spawning  Areis  Low  population  generally.  Population 
Grassy  Riparian  Areas  would  likely  be  greater  but  area  In 
high  human  use. 


Riparian  Grass  Areas  Moderate  population.  Important  In 
Streams  sport  kill. 

Riparian  River  Zone  Important  moose  game  unit.  This  part 
of  unit  of  lesser  Importance,  however. 
In  1971  23  were  reported  harvested. 

Two  Intense  Fall  use  areas  just  below 
Black  Rapids.  Important  riparian 
vegetation.  Heavy  use  In  Winter. 


Wolves  and  , 
Wolverines 

Caribou1 

Bison1 

2 

Aquatic  Furbearers 


River  Valley 


River  Valley 


River  Valley 
Riparian  Zone 


Rivers  and 
Lowland  Water  Areas 


Seventy-five  wolverines  trapped 
annually  In  unit.  Wolf  Important 
fur  and  sport  animal  In  unit  and 
ecologically  Important. 

Wintering  area  just  upstream  from  spill 
site.  Components  of  small  delta  herd 
present  throughout  area  -  50,000 
estimated  herd  size. 

Important  bison  range  Just  south  of 
Black  Rapids  Including  a  principal 
calving  area.  Herd  miqrates  seasonally 
between  Delta  River  and  a  point  just 
south  of  site. 

Low  populations  of  mink,  muskrat, 
beaver,  otter.  Damage  with  contact 
and  food  base  loss. 


Other  Mammals 


2 


Riparian  Vegetation  Some  high  density  rabbit  areas.  Main 
and  Lowland  Areas  concern  ecological  Influence. 


2 

Upland  Game  Birds 
Ducks1 

Geese1 

Shoreblrds1,  2 


Riparian  Vegetation 


River  Systems 
Flooded  Lowlands 


River  Systems 
Flooded  Lowlands 

River  Edges 
Bars,  Deltas 


Important  game  bird  hunting  zone  - 
ptarmigan. 

Unit  duck  breeding  density  67  per 
square  mile.  Bird  list  heavy  original 
and  some  current  subsistence  hunting  - 
little  In  area,  however.  Important 
nesting  and  moulting  area  below  Black 
Rapids.  Important  migration"  corridor. 

Important  miqratlon  zone.  Breeding 
and  moulting  below  site. 

Important  migration  route.  Breeding 
population  below  Black  Rapids. 


Non-Game  Birds 


2 


Riparian  Vegetation  Mainly  Influenced  during  migration. 


SOURCES: 

1.  Alaska  Department  of  Fish  and  Game,  ATASHA'S  UTLDLIFF.  AND  HABITAT, 
January  1973. 

2.  A.  W.  Erickson,  personal  communication. 
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APPENDIX  E 


MSNW  OIL  SPILL  DISPERSION  MODEL  INPUT 
INSTRUCTIONS  AND  PROGRAM  LISTINGS 


’I* 1  jr  ,V. t^aH-.tri  ■  *  +-  *.-•  ,♦,-■••-<»  — m*M  -  , 


This  model  Mas  designed  to  run  batch  mode  on  a  CDC  6400  computer  un¬ 
der  the  SCOPE  3.4  operating  system.  The  program  was  compiled  and  stored  on 
a  disk  permanent  file  alona  with  the  digitized  geograpnic  data.  The  Cal  Comp 
plotter  is  off-line  so  a  tape  file  (TAPE99)  is  created  which  saves  the  re¬ 
sults  of  each  model  iteration  for  subsequent  plotting. 

Table  E-l  illustrates  the  control  card  set-up  for  a  typical  run. 

Table  £-2  defines  the  input  data  formats. 

A  typical  run  requires  approximately  150  seconds  of  central  processor 
(CPU)  time  on  the  CDC  6400,  plus  about  4  to  5  minutes  cf  plotter  time.  The 
plotting  time  is  a  function  of  map  size  and  shoreline  complexity.  The  total 
cost  of  a  typical  run  is  between  $10  and  $20,  based  on  the  University  of 
Washington's  current  commercial  rates. 

Figure  E-l  is  an  example  of  the  physical  parameter  listing. 

Figure  E-2  is  an  example  of  the  printed  output.  The  first  column  is  simply 
a  count  of  the  iterations  (time  steps).  The  second  column  shows  the  elapsed 
computer  time  in  seconds.  The  third  column  is  the  simulated  model  time  in 
hours.  These  numbers  are  not  even  due  to  the  fact  that  the  model  adjusts 
the  time  steps  to  coincide  with  the  times  of  changing  from  one  spread  regime 
to  another. 

The  fourth  column  is  the  current  slick  area  in  square  meters.  NP0INTS 
is  the  number  of  points  currently  being  used  to  define  the  slick  edge.  The 
number  of  points  can  be  seen  to  change  over  time  as  the  geometry  of  the  slick 
evolves. 

SPREAD  is  the  magnitude  of  the  spread  vector  in  centimeters  and  PLOT 
indicates  which  iterations  have  been  plotted  this  particular  run. 
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TABLE  E-l.  DECK  SET-UP  FOR  TYPICAL  RUN 


MSNWSLICK,  T150. 

(Job  Card) 

ACCOUNT,  JOBNUMBR,  PASSWRD. 

(Account  Card) 

ATTACH,  GRAFIX.  j 

(Load  Plot  Routines) 

LIBRARY,  GRAFIX.  \ 

DISPOSE,  TAPE99,  *CC. 

(Establish  Plot  Tape) 

REQUEST,  TAPE  2,  *PF. 

(Auxiliary  Plot  Tape) 

ATTACH,  TAPE1 ,  PORTGRAHAM,  ID=STORIE 

(Geographic  Data) 

ATTACH,  SPILL,  SLICK,  ID=STORIE. 

(Load  Program) 

SPILL. 

(Execute  Program) 

EXIT,  P. 

(Error  Recovery  Step) 

CATALOG,  TAPE2,  PLOT,  ID=STORIE. 

(Save  Auxiliary  Plots) 

7/8/9 

(End  of  Record) 

DATA  DECK 

6/7/8/ 9 

(End  of  Job) 

For  further  information  see: 

Control  Data  Corporation,  SCOPE  REFERENCE  MANUAL,  CDC  6000 
Computer  Systems,  Version  3.4.1. 
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TABLE  E-Z  OIL  SPILL  SIMULATION  MODEL  INPUT  DATA. 

1.  Heading  Cards  (8A10/8A10) 

Two  heading  cards  with  up  to  80  characters  each.  Either  or  both 
cards  may  be  blank. 

2.  Program  Control  Card 


Cols. 

Jy£e 

Description 

1-10 

Real 

Time  increment  between  successive  itera 
tions  in  hours. 

11-20 

Real 

Maximum  time  of  simulation,  hours. 

21-30 

Real 

Scale  of  Digitized  geographic  data. 

32 

Integer 

1  =  List  Tidal  Polygon  Data 

0  =  Do  Not  List 

34 

Integer 

1  =  Plot  Tidal  Polygons 

0  =  Do  Not  Plot 

36 

Integer 

1  =  List  Wind  Data 

0  =  Do  Not  List 

38 

Integer 

1  =  Read  Tidal  Current  Curve 

0  =  Use  Sinusoid 

41-43 

Integer 

Initial  number  of  points  defining  slick 
edge. 

51-60 

Real 

Size  factor  for  output  plots. 

Pilot  Control  Card  (4012) 

Cols. 

1-  2 

First 

iteration  to  be  plotted. 

3-  4 

Second 

1  iteration  to  be  plotted. 

5-  6 

Third 

iteration  to  be  plotted. 

Etc. 

Iterations  will  be  plotted  every  6  hours  after  the  last  value  given  or 
if  no  values  are  given. 

E-3 


4. 


TABLE  E-2.  (CONT'D.) 


Physical  Properties  Card 

Cols. 

1-10 

XC0RD 

(x-coordinate  of  spill  location  In  Inches) 

11-20 

YC0RD 

(y-coordlnate  of  spill  location) 

21-29 

VOLUME 

(volume  of  oil  spilled) 

30 

Cl  *  B 

Cl  =  T 

Cl  -  G 

(units  are  barrels) 

(units  are  tons) 

(units  are  gallons) 

31-40 

RH001L 

(density  of  oil) 

41-50 

NU 

(kinematic  viscosity  of  water) 

51-60 

RHOWATR  (density  of  water) 

61-70 

SIGMA 

(Interfacial  tension) 

Tide  Curve  Cards  (Optional) 
(TToTfTOT 

Cols. 

1-10 

Hour 

11-20 

Current  magnitude 

6.  Tidal  Current  Default  Card 

{5FS.O,  IX,  Al,  IX,  AlO,  A2,  5X,  F10.0,  Al) 

Cols. 

1-  6  Direction  of  flood  (degrees  from  North). 

7-12  Magnitude  of  flood. 

13-18  Direction  of  ebb  (degrees  from  North). 

19-24  Magnitude  of  ebb. 

25-30  Number  of  additional  tidal  polygons. 

32  K  =  magnitude  is  knots  (default) 

M  =  meters  per  second 
F  =  MPH 
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TABLE  E-2.  (CONT'D.) 


Cols. 

34-45  Name  of  spill  site. 

51-60  OFFSET  from  maximum  ebb,  hours. 

61  Offshore  current  Indicator. 

7.  Tidal  Current  Polygon  Card(s)  (12F6.0) 


Cols. 

1-  6 

Direction  of  flood  (degrees). 

7-12 

Flood  magnitude  factor  or  current  ratio. 

13-18 

Direction  of  ebb  (degrees). 

19-24 

Ebb  magnitude  factor. 

25-30 

XI 

31-36 

Y1 

37-42 

X2 

43-48 

Y2 

>  Vertices  of  polygon  (inches) 

49-54 

X3 

55-60 

Y3 

61-66 

X4 

67-72 

Y4 

V 

8.  Wind  Data  Card  (FI 0.0,  F9.0,  A1 ) 


Cols. 

- 

1-10 

Wind  direction  (degrees). 

11-19 

Wind  speed. 

20 

K  *  knots  (default) 

M  a  meters  per  second 

F  »  MPH 
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TABLE  E-2.  (CONT'D.) 

Ai.’XILIARY  PLOT  PROGRAM 

1.  Heading  Cards  (8A10/8A10) 

2.  Site  name  and  reduction  factor. 

Cols^ 

1-12  Site  name  (must  match  tape). 

21-30  Plot  reduction  factor  (default  =  1.0) 

3.  Plot  Control  Card  (iterations  to  be  plotted)  (4012) 
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FIGURE  E-l .  PHYSICAL  PROPERTIES  INPUT 


MATHEMATICAL  SCIENCES  NORTHWEST 
OIL  SHIuL  SIMULATION  MODEL 
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FIGURE  E-2  .  PRINTED  OUTPUT  OF  OIL  SPILL  MODEL 


(10)  PROGRAM  LISTINGS 

The  following  is  a  listing  of  the  oil  spread  computer  model  complete 
with  subroutines. 
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